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INTRODUCTION. 


For several years the terrapin scale, Hulecaniu mnigrofasciatum Per- 
gande, has been increasing in abundance in certain localities in the 
eastern United States, and complaints have recently come to the 
Bureau of Entomology from orchardists in numerous localities within 
the Appalachian peach belt of severe injury to peaches, and of inability 
to control the insect with the materials commonly used. 

In order to investigate the insect under favorable conditions the 
Office of Deciduous Fruit Insect Investigations of the Bureau of 
Entomology maintained a field laboratory during the seasons of 1912 
and 1913 at Mont Alto, Pa., which is well within the limits of the 
badly infested area. The following pages contain a record of 
the life-history studies made, together with a short historical account 
of the species. A detailed account is also given of its habits and of 
the remedies that have been devised for its control. 

The author wishes to acknowledge the assistance of Dr. A. L. 
Quaintance, under whose direction this investigation was conducted, 
and to thank Messrs. D. M. Wertz and Aaron Newcomer for the use 
of their orchards and spraying machinery. 


: 1 Eulecanium nigrofasciatum Pergande. 
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HISTORY. 


The terrapin scale, Eulecanium nigrofasciatum Pergande, Is a 
native species which came to the notice of economic entomologists 
about 1870. Mr. Theodore Pergande, of the Bureau of Entomology, 
observed it as early as 1872. It was then believed to be the Euro- 
pean scale Lecanium persicae Fab., an insect of similar habits. The 9 
publications prior to 1898, for the most part, refer to 1t under the 
latter name. Miss Mary E. Murtfeldt was the first writer to treat 
of this insect at any length. She observed it in 1893, at Kirkwood, 
Mo., but did not completely work out its life history. Her observa- 
tions are recorded in Bulletin 32 [old series] of the Division of Ento- 
mology, United States Department of Agriculture (1893), under the 
name Lecanium persicae Fab. 

Dr. L. O. Howard treated this species in the Yearbook of the 
United States Department of Agriculture for 1894 under the name 
Lecanium persicae Modeer, and there figured it for the first time. 

Mr. Theodore Pergande became convinced that this lecanitum was 
distinct from L. persicae Fab., and described it in Bulletin 18 new 
series], Division of Entomology, United States Department of Agri- 
culture (1898), as Lecanrum nigrofasciatum, new species. 

Since about 1898 the terrapin scale has gradually assumed more 
and more importance as an enemy of the peach, until now it is feared 
by the peach growers of Maryland and Pennsylvania more than any 
other species of scale insect. Most of the States east of the one 
hundredth meridian have mentioned this pest in their entomological 
publications during the last 10 years. At the present time it appears 
to be most abundant in portions of Maryland and Pennsylvania. 


DISTRIBUTION. 


There are no indications that the terrapin scale occurs outside of 
North America. It is at present, for the most part, confined to the 
humid area of the Austral Region, but there is danger that it may 
ultimately invade western peach orchards, especially those in the 
Austral Zones. This species has been taken in New Mexico and is 
doubtfully reported from southwestern Colorado, but, so far as known, 
it does not now occur in the other Western States. It has a slight 
foothold in Ontario Province, Canada, mostly upon maple. - At the 
present time considerably more than one-half of all the known infes- 
tations are found in Pennsylvania and Maryland. (See fig. 1.) 

In general this scale has advanced into the region of its principal | 
food plants, having spread through the peach belt of the Eastern 
United States, and progressed northward beyond this belt by attack- 
ing ornamental trees, of which the maples and sycamores seem to be 

its favorite hosts. It has also extended its range in the Southwest 


THE TERRAPIN SCALE. 3 


by attacking the mistletoe, upon which it thrives very well. It will 
undoubtedly spread considerably beyond its present range by ad- 
vancing farther into the territory of its chief host plants. Those 
regions in which the peach, the plum, the maple, the sycamore, and 
the mistletoe are abundant probably offer suitable conditions for its 


growth. 
ECONOMIC IMPORTANCE. 


The terrapin scale, in its range and importance, ranks easily as 
second among the scale pests of the peach, and while not so prolific 
and not so injurious as the San Jose scale, Aspidiotus perniciosus 


Fig. 1.—Distribution in the United States of the terrapin scale (Eulecanium nigrofasciatum). (Original.) 


Comstock, it is even more of a nuisance, owing to the difficulty met 
with in its control. 
INJURY. 


This insect causes injury first, by sucking the sap from the trees, 
and second, by covering the fruit, leaves, and branches with a sweet 
sticky fluid known as honeydew. 

The injury to the trees from the loss of sap taken by the scale is 
considerable in badly infested orchards, but is small in comparison 
with the damage resulting from the deposit of honeydew. This 
deposit, while objectionable, would not cause serious injury were it 
not for a black or sooty fungus which grows abundantly in the 
honeydew whenever this is present. On trees which are badly 
infested with the scale the fruit soon becomes covered with a black 
sticky coat which makes it almost unsalable, as it is nearly all classed 
as culls and is sold accordingly. 
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FOOD PLANTS. 


Eulecanium nigrofasciatum attacks more than 30 species of plants. 
It becomes abundant, however, upon only a comparatively few of 


these. 


Its preference for its principal food plants is about in the 


following order: Peach, plum, maple, cherry, sycamore, mistletoe. 
The following list includes all of the host plants known to the 


author: 


Acer pseudoplatanus L. Sycamore maple. 

Acer saccharinum L. Silver maple. 

Acer saccharum Marsh. Sugar or rock 
maple. . 

Amygdalus persica L. and var. Peach 
and nectarine. 

Benzoin aestivale (L.) Nees. 

Betula sp. Birch. 

Bumelia angustifolia Nutt. Saffron plum. 

Castanea dentata (Marsh.) Borkh. Chest- 
nut. 

Cercis canadensis L. Red-bud. 

Chaenomeles japonica Lindl. 
quince. 

Clematis sp. Clematis. 

Crataegus oxyacantha LL. Hawthorn. 

Crataegus. Most species. 

Cydonia oblonga Mill. Quince. 

Elaeagnus angustifolia L. Oleaster. 

Euonymus atropurpureus Jacq. Wahoo 
or burning bush. 

Fraxinus sp. Ash. 

Ilex opaca Ait. American or white holly. 

Magnolia virginiana L. Sweet bay. 


Spice-bush. 


Japan 


Nerium oleander L. Oleander. Rose 
bay. 

Ollea sp. Olive. 

Padus sp. Wild cherry. - 

Phoradendron sp. Mistletoe. 

Platanus occidentalis LL. Sycamore or 
plane-tree. 

Platanus orientalis L. European plane- 
tree. . 

Populus deltoides Marsh. Cottonwood. 

Prunus sinconii Carr. Simon or apricot 
plum. 

Prunus spp. Cultivated and wild cher- 
ries and plums. 

Pyrus communis L. Pear. 

Pyrus malus (L.) Britton. 

Quercus virginiana Mill. 

Ribes sp. Gooseberry. 

Rosa spp. Roses. 

Salix babylonica L. 

Saliz spp. Willows. 

Sapindus marginatus Willd. Soapberry. 

Tilia sp. Linden or basswood. 

Umbelliferee. One species. 

Vaccinium spp. Blueberries. 


Apple. 
Live oak. 


Weeping willow. 


Melia azedarach L. Wild China-tree. 
Morus spp. Mulberry. 


Vitis vinifera L. European grape. 
Vitis spp. 


LIFE HISTORY. 


MATURING OF FEMALES IN SPRING. 


Hibernation is terminated by weather conditions. The conditions 
that cause the peach buds to open also bring this lecanium to the end 
of hibernation. At Mont Alto, Pa., in 1913, hibernation ended about 
April 1, at which time many blossoms were ready to burst. From 
April 1 to May 1 growth was rapid. From May 1 to May 16 it was 
comparatively slow. At the latter date the advanced females 
reached their maximum size, which they retained until the period of 
reproduction was nearly over. All the females had reached maturity 
by June 10. Table I shows the minimum, maximum, and average 
sizes of 414 specimens measured during the spring development and 
the reproduction periods of 1912 and 1913 at Mont Alto, Pa. 
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This material was taken from vigorous trees. Twigs containing 
about 200 specimens were cut to secure material for each measure- 
ment. To overcome the natural variation in size the 50 largest speci- 
mens were removed from the twigs and the largest of these taken 
each time for measuring. These measurements show the followmg 
maxima: 


pene ia Ma yekotloiizers ae ce LD ek ee a A ten So. 3.7 mm. 
WVAGitnee lays sO el OU Rpt nh 8 SR Se ahs ASE oe 3.35 mm. 
Becioiante Mantel eON Sit ese Soo 2s Be es saps onde SAY 1.60 mm. 


TasBLE I.— Measurements showing growth of 414 females of the terrapin scale during the 
spring development, Mont Alto, Pa., 1912 and 1913. 


Length. Width. Height. 
Num- 
Date. ber of 
Specl | Mini- | Maxi- | Aver- | Mini- | Maxi- | Aver- | Mini- | Maxi- | Aver- 
mens. /mum.|mum.| age. | mum.|mum.| age. | mum.|mum.| age. 
Mm. Mim Mm. Min Mm. Mm. Mm. Mm Mm 
Dales eee 25 | 1.80 231) | 2n0to, |e les 2-270. |— 2.0307} 03725) 1. 10 0. 908 
Mars 2851913227 =. - PAD |) Meese | SBS | la ae GS 3 PSP EGY |) al ays .65 . 85 741 
ANTIPo S IMIS RG ss scons PA 1) dle eVty |) 9 oa3il 2.114 1. 87 2.255 || 2.060 73 .975 854 
Apres 019 2e 525 <- 10 | 1.81 2.2 1.995 | 1.75 2.2 1.905 8 PS 949 
PAGO rl PONE es 2 3 1. 85 1.9 1.88 1.8 1.9 leteS iu [aes 45S Ae lsmemercs le eisens ees 
EXO I OAs Sean UB ye 2.55 15926:|- 1.5 2.39 PS 2S 8 Pee Bese severe er pete |= ys te re 
JNO IES Bye 20V\) 1S87 2.53 2ANOF Ns L842, | e22 365» 2.037 865 | 1.1 . 953 
PAT OS Ol ae 10} 2.05 201 evil Ao AL ZESTONE 22302 825} 1.00 - 922 
Aprs22>1912-. =... : a OA dey 253 20570|) LEG 2.25 USO 0 eee ena 8 ecana Saas ce 
A\jOis Ps EI Bees ae 20} 2.24 2.98 2.576 | 1:82 2.$13-] 2.298 85 1. 225 995 
Apr26, 1912. = 2... TO |= WoO) Pee || PRE area DO Cear ie PLO eee ce oacliccsScecd|iccos bees 
Apr 28913" so 25.5. DON ME2I61S I Sh427 | 22866) 2524 3.033 | 2.566 -925 | 1.275 1.118 
ANOS IN eae 20 | 2.706] 3.042] 2.94 2.473 | 2.94 2.721 1.00 1.3 1.165 
WES 7 OS OWE eee seser Gale Zao 2.975 | 2.666] 2.3 2.675 | 2.458] 1.00 1. 25 1. 437 
Mayet 1913 nie. 5s2 20'| 2.893 | 3.22 3.024 | 2.501 | 2.893} 2.639 | 1.2 1200 1. 343 
May lO-1913.- 222-22 20) | -2..8 3.266 | 3.021 2. 52 2.893 | 2.674 1.05 1.50 1.317 
meWavel OG O12. See: 10} 2.65 oath Sel Ziel 2200 3.3 Pane, Ua | Saes ose Neate eres os) (ae a 
Mayall G=1913s5—5-.-- 20 | 2.94 326215 932204) 2552 3.173 | 2.951 1.225 | 1.19 1.365 
Meive23 1913-22 see 20} 2.8 3.38 3.046 | 2.61 3. 22 2. 851 e125 1.475 1. 333 
Many 24-1913 22 550: 20K me 2es 3.36 SEL704) 3257065) 32266 22.950) 12225) 1) 1-60 1.435 
May 30, 1912......-- Ul |Z Sov | Sealy P57 3.35 3.067 | 1.07 1.43 1. 352 
Menvaeie LOLS Re nee 20°| 2.983 | 3.4538 | 3.177 | 2.613 | 2.986} 2.844 1,20 1.49 1.319 
Tmness(91g7. = =e. : 205|- 22893") 3.593 | 3.113 |) 25613}. 3:08 2.811 1.20 1.55 1.392 
Mneiot OL = ae 2} 3.05 3.9 BOT ||> Bo@ oy Be AL 2.8 sev, ASS 1.35 
une al 91S eee 2 20} 2.8 3.36 321020) 2566 3222, PA tetetayol ts IS PAG 1.525 1. 383 
Hane: 20 1913e~ 52 =... 20 | 2.52 BIB) || DSCRU Eh AEeIOAD |) PAX Ih ORAM ibs Ay 1.525 1.384 
Tunes 28 19122 2 ss. Sr llee2a0 3.05 2.887 | 2.7 3. 30 2. 85 1.075 125 1. 282 


It is doubtful whether individuals ever are large enough to have 
all the above measurements, since excessive size in one dimension is 
accompanied by a smaller size in the other dimensions. 

The date of greatest average measurements of the same 414 speci- 
mens are: 


Mm. 
Megat ot2lenoth (7 specimens). .2a22.2.2-- 222 2) 20-2222 3-217 
Mayes ewidth (“specimens) 22-232... S222 4s. S02 2 ee 3.067 
MAeort ol 2 height «(6 specimens). =. 22522255. S42. S84. 502222 1.437 


It is evident from these data that the females reach their maximum 
size between the middle of May and the end of the first week in June. 
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THE EMBRYO. 


The terrapin scale is viviparous. Authors making reference in 
literature to the eggs of this insect undoubtedly referred to the 
embryos, which probably were mistaken for eggs. Undeveloped eggs 
are present in some specimens in the fall before hibernation. Dis- 
sections made September 9, 1913, showed a pair of very small race- 
mose ovaries containing a few undeveloped eggs located to the right 
and left of the alimentary canal, and a small, globular, brown- 
colored receptaculum seminis attached to the vagma. Dr. Quain- 
tance has observed eggs in hibernating females from Winchester, 
Va., as early as January 19. The writer has taken rudimentary eggs 
at various times during the hibernating period. With the renewal 
of growth in the spring there is a rapid increase in both the number 
and size of the eggs. The average size of four embryos at birth was 
as follows: Length, 0.3437 mm.; width, 0.1625 mm. 

The data in Table II were taken from the largest embryos obtained 
at each dissection. Some of these were nearly full size by May 16, 
although it was not until the first week in June that the eyespots 
‘and segments became prominent. 


TaBLe II.— Measurements of developing embryos of the terrapin scale, taken by dissection, 
1913. 


Number Average 
- | Average : = 
Date. of speci- diame- Locality. 
ns. | length ter. 4 
Mm. Mm. 
May 10. 2223 2 e eee eee ee 5 0. 2986 0.1754 | Mont Alto, Pa. 
162 2.2 S253 2k gusmee te Sse ae eee ee eee 4 3343 1781 Do. 
LY eee ee ae ee eee at Seen Se ee 5 2 4 Do. 
Q3e 2 sews foes aaa es ae ese ee =e eee eee eee 5 . 344 173 Do. 
Die sa ee ea aele ae ais BETS OS ce ee aes ee eee 5 - 346 . 1625 | Midvale, Pa. 
JUNC 2812s. Sao Rees ees ere See eee eee 4 - 3437 . 1625 | Mont Alto, Pa. 


1 Measured at birth. 


The ovaries remain active and continue to produce eggs as long 
as nutriment 1s supplied to them. They are among the last organs 
of the scale to disintegrate. 

Table III gives data from dissections during the spring of 1912 
and 1913. These counts show that most of the embryos are formed 
before the end of May. The greatest number found was 881 on 
June 4, 1913, and the ovaries of the parent scale were still active. 
It is evident from this that vigorous females may produce as many 
as 900 embryos. The oldest embryos are far advanced by June 6, 
and they are mature by June 15, at which time the eyes, the appen- 
dages, and the abdominal segments were clearly seen through the 
membrane. 
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TasLe III.—Rudimentary eggs and embryos from developing females of the terrapin 
scale, taken at Mont Alto, Pa., during the seasons of 1912 and 1913. 


Females Peis Females Rudi 
Date ot dissee- dissected| Large anata Date of dissec- | dissected | Large eae 
tion. on given | embryos. nei Ty tion. on given | embryos. Ty 
dates. B88. dates. e88s- 
1912. 1912 
Maiye2ie-n oe 1 604 | Many. Junegl bes eae i 747 | Few 
WEN? Eh seSoec 1 271 0. Oheeeses 2 611 | Many 
IDWaaastrs5 2 297 Do. 
Maye? 9 eee 1 349 Do. 1913 
WMOofaescs. 2 386 Do. Wigny Gas -naeee i 632 Do 
May 30---..--- It 625 Do. June 4 1 881 Do 
Dore 2 463 Do. JUNC eee 1 734 Do 
ID Yes eee 3 573 Do. DOSES eee 2 758 Do 
June 5. 1 362 Do. DOr ecice 3 689 Do. 
DORessese 2 696 Do. DOSE sce 4 785 Do. 
JuneGee===- 1 824 | Few. IDO SSsaauae 5 663 Do. 
JUNC ee sees 1 684 Do. DO sseaac28 6 598 Do. 


The data given in Table IV show the number of embryos pro- 
duced by 13 normal scales during the season of 1912. These data 
were obtained by isolating the individual scales with tree tangle- 
foot and taking the daily emergence. When these scales lnosaned 
at the end of their reproductive periods they were removed and 
dissected. The average number of embryos per scale was 406.34. 
In this experiment approximately 50 per cent of the embryos that 
formed appeared’as migrating larve. 


TasL_E 1V.—Record of progeny and embryos from 13 parent terrapin scales, season of 
. 1912, at Mont Alto, Pa. 


Number 
Date of of em- eae es Total Condition of embryos | Condition of scale 
No. dissec- bryos, nance ee eibnene removed by dissec- when taken for dis- 
tion. emerging| “tion OS: tion. section. 
as larvee. 
1912. 
iL SS See July 12 142 451 593 | One-third dead........| Loose and exhausted. 
reas Soe 15 189 60 249 | Mostly dead.-......---. Do. 
SS See 3 214 204 “WS \lscace dO es eae Do. 
Gf eae ike 15 245 218 4635 |Baare GOSSEEY Fen saree Nearly exhausted. 
hen erste meee 15 189 192 Beil |saooe GOES eee ae Exhausted. 
OSs peeaesea see 10 137 Sift Aa eAllideadiasss saa 4 eee Do. 
Us 2ese eee 15 119 150 2690| eee (SIGS es Sete OS cores Do. 
Sean Sse as 12 303 326 629 | One-fourth dead.--..-- Black; nearly ex. 
hausted. 
0) Ree eee 15 220 195 415 | Mostly dead.........-- Nearly exhausted. 
OR eee 8 15 168 138 3062 |e Allidead saa see a Exhausted. 
IGS eee es ae 15 187 22 MU seace COs ee ees Do. 
Nees ae a ae —=15 349 193 EB Ne oes Osa ere oeas Do. 
118 Sere ca Re ae 15 291 343 6345 | see Gols es Do. 
Rotalee so. | 2, 753 | 2, 529 5, 282 


Tt will be noticed from Table IV that most of these scales were 
removed for dissection upon July 15. These scales were among the 
most advanced in the orchard. Their exhaustion in the middle of 
July does not therefore represent the end of reproduction in the 
orchard, which came much later. 
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BIRTH OF THE TERRAPIN SCALE, AS OBSERVED AT MONT ALTO, PA., IN 1913. 


The following data were obtamed by observing 50 scales which 
gave birth to 3,000 young during the period of 4 days, June 22 to 
June 26, 1913: 

The young are brought forth as embryos, usually inside of a sae or 
amniotic membrane. The vaginal passage of the mother offers con- 
siderable resistance to the passage of the first young of the season, as 
they are very turgid or swollen, and the amniotic sac is nearly always 
ruptured, allowing the embryo to escape. This is the only time when 
they are born free, as later in the season the embryonic sac comes 
through unbroken. Toward the end of the season the larve, after 
birth, may remain as long as 8 minutes in the embryonic membrane, 
but the time is seldom more than 4 minutes. The embryos have an 
average length of 0.36 mm., and a transverse diameter yee ie 0.18 
mins (CPlod ote ie) 

The structure of the larva shows through the amniotic membrane. 


The antenne are folded downward and lie parallel along the ventral | 


surface. The proboscis les between the antenne and extends along 
the midventral line for three-fourths of the length of the body. The 
legs lie alongside the antennz and extend beyond them to near the 
posterior end of the body. The major apical sete and the anal plates 
are folded forward upon the ventral surface of the body. The eyes 
show prominently through the membrane. The sides of the body are 
rolled slightly inward, so as nearly to enfold the ventral appendages. 
When the embryonic membrane bursts the young appears as a wet, 
flat larva, which remains motionless for a few mmutes, during which 
the body unfolds and the appendages assume their normal position. 
The cast membranes of the numerous progeny remain and form a 
deposit on the floor of the brood chamber. (PI. I, fig. 1, a.) Twenty 
minutes after birth the larve have assumed their characteristic 
flatness and are moving about in the brood chamber, where they 
remain usually until the following day, or even longer if unfavorable 
weather conditions prevail. 


Observations of birth are difficult. The displacement necessary for 


observing this operation loosens the feeding tube and so deprives the 
parent of the needed nutriment. It is, therefore, impractical to 
make observations covering an extended interval. 

At the beginning of reproduction the time between births may be 
as short as 2 minutes. As the exhaustion of the parent increases the 
interval between births becomes longer, until by the thirtieth day 
birth has practically stopped. 

Table V gives birth data for 7 larve from well-exhausted parents, 
under favorable conditions. It shows an average interval between 
births of 8.5 minutes and the average time per birth as 2.43 minutes. 
These birth data can be taken as a good average for the major part 
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THE TERRAPIN SCALE. 


Fig. 1.—Embryos and larve as disclosed by removing a female near the end of reproduction: 
a, Embryos in situ; b, embryo enlarged; c, area covered by the scale. (Enlarged.) Fic. 2.— 
First-instar male at the leafward migration. (Greatly enlarged.) Fic. 3.—Leaf-attached 
larva near the end of the first instar: a, Lateral view of the caudal extremity; b, enlargement 
of the anal plates. (Greatly enlarged.) Fic. 4.—Female at twigward migration (greatly 
enlarged): a, Anal cleft (greatly enlarged); 6b, enlarged mouth parts; c, ventral view of the 
anal plates; d, spiracular spines, more enlarged; e¢, antenna, more enlarged. Fic. 5.—The 
mature female: a, Ventral view; 6, dorsal view; c, lateral view. (Enlarged.) (Original.) 
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of the reproductive period. The averages are too long, however, for 
the first 3 or 4 days of reproduction. 


TaBLE V.—Birth data of 7 larvx of the terrapin scale under favorable conditions, Mont 


Alto, Pa. 
| 
| | Degree 
Num- | Temper-| Embryo| Birth Time | Interval of ex- Atmos- 
Females. | ber of | ature at com- re-. | between| Date. | haustion pheric 
larve. | at start. | orifice. | pleted. | quired. | births. zo ue conditions. 
emale. 


ee a.m. a.m. Minutes. | Minutes. 1913. Per cent. 
eek 1 75 7.14 Tally Saeco June 24 70 | Favorable. 
iis 2 75 7.24 7.28 4 11 5 lO S55 70 (0) 
Il eee 3 25 7.35 7.36 il 8 OlMSAne = 70 Do 
Tihs i 75 7.16 7.18 Dis oases eae dose 70 Do 
ID Seis een 2 75 7.24 7.27 3 9 Gorse 70 Do 
Ape 3 75 Geol 7.33 2 6 doizes: 70 |. .Do 
ASTI ees (oo 1 75 8.07 8.09 PAM Pee = yess es Fe Gomes 70 Do 
Average .|.......- (is Saenee bes Ape sad 2. 43 Sel Sees or ia eee 


Table VI gives data for 7 larve from two well-exhausted parents 
under rather unfavorable conditions. These data show an average 
interval between births of 13.87 minutes. They also show that the 
interval varies widely in the case of different individuals. 


TaBLE V1.— Bith data for the terrapin scale under unfavorable conditions, Mont Alto, Pa., 


DOTS. 
eet In D 
Num- | pera- ime terval egree 
Female. ber of| ture | of | between] Date. | ofex- | Weather 
larve. at birth. | births. haustion. 5 
start. 
IIE a.m. | Minutes.| 1913. Per cent. 
Hiiires ce tie oe Sot cn See 1 74 BY iol aes tee Bae June 13 70 | Unfavorable. 
2 74 7.43 Grea doses 70 Do. 
3 75 7.50 Cena Pace OSes 70 Do. 
4 76 8.05 Ie | eeClOsssae 70 Do. 
Average for first female...-.|-.....-- (On |S Or SIH ae ae ce a Se EEeeeees 
1913. 
Hie ee rae ee ise s owas sa eeee 1 76 5035 |se carer June 13 90 Do. 
2 76 8. 24 2ONGet ae Oss. = 90 Do. 
3 76 Oe 40 mane Ou |keed OSese » 90 Do. 
Average for second female...|.......- UN eSaoscte 208612 | ee eee 
Average for buth females..../......--|..------|-------- NSSS(8| pee ase eemere os. 2 | 


THE YOUNG LARV IN THE BROOD CHAMBER. 


In the orchard the larve appear in the brood chambers from 1 to 
3 days before any of them emerge. During the time of maximum 
emergence most of the larve remain in the brood chamber only until 
the day following birth. If larve are removed from the brood 
chamber by overturning the scales they migrate at once to the leaves. 
Even those that have been born but a few hours do this. The maxi- 
mum time during which they can remain in the brood chamber 
depends upon their ability to live without food. Experiments indi- 
cate that 4 days is the maximum limit of life for unemerged larve. 


10 BULLETIN 351, U. S. DEPARTMENT OF AGRICULTURE. 

After periods of unfavorable weather lasting from 3 to 5 days dead 
young are always found in the brood chambers. Unfavorable 
weather up to 3 days duration does not seem to have an unfavorable 
effect upon the unemerged larve. 


EMERGENCE. 


Unless weather conditions interfere, the emergence starts upon the 
second day after the young appear in the brood chambers. 

In 1912 a scattered emergence started in the orchard at Mont Alto, 
Pa., on June 8, with the first young in the brood chambers on June 
6. These specimens showed the regular two-day interval between 
birth and emergence. The regular emergence did not start until a 
week later. ae 

Emergence from 26 isolated females started June 16, and gave 
its daily maximum on June 18. Upon June 25, 50 per cent. had 
emerged, and 75 per cent had emerged July 1. Emergence from 
these scales ceased July 17, after 4,273 had emerged. Twenty-nine 
specimens in all were isolated at the start of the foregoing experi- 
ment. Data from all these are included in Table VII. Specimens 
numbered 12, 16, and 23 were so manifestly abnormal that they were 
omitted in calculating the foregoing percentages. 


Taste VII.—Record of 29 isolated females of the terrapin scale during the emergence 
period of 1912, at Mont Alto, Pa. 


Total Last Embryos} Number 
No. emer- larva Beale pce a ae by dis- dead 
gence. | emerged. : PPE: * | section. | embryos. 
| Neil as aoe Ree ee Ran BE eras 142| duly, 8) |sduly v2 eeeee ae July 12 451 | One-third. 
Dae a Sie Me Ls emt esis ert a PALS); aol ey] did; 28 es eco can. July 5 0} All. 
Seine ate e eine She stra eae eee ISS) | Pahwllys =O) ee ccdssddelleSccusccse July 15 60 | Most. 
Aes. cantons eileen eee ee 2145 duly aon aaa seas |peeee cece July 3 204 Do. 
DERE en ene wane eee Pay | Ail bye 5) IG cmococtlloocosoccus July 15 218 Do. 
One pviee rs chs cise a een Ie Uiblby? ales |) dhwilly 9B eaeceeacoslooc Goesee= 192 Do. 
USeR SERRE eee ae DOSES 1574} || AWUNe) PAD} Seecaccsss JUNCE* 26) Hewat eeu bactee ee aes 
CC ent Sie Ms No VeyA || doles 77 |) dh UO) ese Seoccec July 10 37 Do. 
Oa cis) eet Aa ae eee 1G): died Ue cecosccoslloasccbeacc July 15 150 } All. 
WI QN ee OR oa eee fe ea eB i dhl) 7 lesaecoosce MINEO ase ssecs see eee 
TAT Vs et as erences ne ace ai pa de IBY | dibblye 7/7 Wedfeblhy IA) ese cosodas July 12 326 | One-fourth. 
DGD eae eee ela 1 ea me reper en Ss dbbe) Ail |e so seescc JUNEIZ4 eS Sea leat 
el Ge ee ee Are eee ge 1465 | oiulliver clare Jlye 3h eee | Ree 
eb Sere e a Sha ee Rea ara es acer yi ciblays St diy Ih Ve sooSooooe July 11 8 | All. 
TUE a ae eae oe eee renee ce 220);| Siliye 1 4 = Soe | pees ce July 15 195 | Most. 
LG Se Bee Tel Saas Ameen e 11S) PINE 9245 |Eaeeeeeee- Vly. 0) as ec Ree 
Nee ne ee eae MG SLE: 1245) Sully: 153 | eee ee oe ee sere eens July 15 97 | All. 
TES Ea ASS eet 168: -2dO. S02 |E. Mesee eens lees do. . 138 Do. 
TS) ok a a ao an Po (AH djiebaysy Hecke ede JUNE Zoe sacs | he eece ees 
(a Rast as Sct ears 2) Aa Poe USE A dibs: Ways Sseouccclloasasoscoc July 15 22 Do. 
Dal WG. Fo ENON ie eee Ge ee ee ae 349) | Tully 12h eee = a | eee an doses 193 Do. 
Ha NS. sacral a aa EER eS eg ee 457). Dullys: bb Sekee esse aoe ea ae Osseee 24 Do. 
BAG a ed Si ae RE Sew ae er ae 1) fediienavey 274 Nos osccooes JUNE 25] eS Se See aoe 
DANE Ree PRR Re te tates rchn oc AA \dhblye Si Pdibly, SO ossonscosee July 8 145 Do. 
DA AS NO eRe ee ale Shs te Za Aol Gib — @ |leocscsocce July 6 343 Do. 
SR ae a Se ee ees ae 144 | dnt sell | See bY yao ee Re eee eaeoee wee 
eRe: REEL! EE) ER. 3: 151 | Tully” 16h) aulyaetin |e July 1 359 | Most. 
Gfeh te aS BS ene arre eae GSE diols IG Seas anoocaleocsgscose July 15 148 Do. 
OS Ne ee CoRR Ae ee Pg ee Waa Unde sth || diblhy Ibl osesobes - July 11 73 Do. 
MOtAl ee ee a Seo eee H2IB | as s3 as S504) SA Redes Cee ee eeete 3, 383 


Total embryos, 7,656. 


1 Larva of Hyperaspis binotata emerged June 24. 
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Table VII gives, in summary, the history of the isolated scales 
used in 1912. It shows the ratio between the number of emerged 
larve and the total number of embryos produced, but it does not 
show the date of exhaustion of all the scales. 

Table VIII gives the detailed emergence of larve for 29 isolated 
females from June 16 to July 15, 1912. At the latter date the scales 
were nearly all exhausted and 18 of them had dropped. Only 9 
were able to produce young at the time of removal. The total num- 
ber emerging was 4,273. Scale No. 21 gave 349, the highest number 
of larvee produced by any of these scales. 


TaBLe VIII.—Daily emergence of larve from the 29 isolated females of the terrapin scale 
in Table VII, Mont Alto, Pa., 1912. 


June, 1912. 
No. 
WIG A A ESS TI) Ne A) SA | De BS OE OR PAR: | a araulperteys | 249) 1 S80) 

Ths Sele eee eee | ere le | eoielae A eee ite ee a 3 1 3 a Tei fe eee ie ce 
D2 og OR SESE REE eee Eaeetaes S1 ey eae es 2 hel Paheee 14 1 6 | 10 ;—> 20 | 14) 1% a er Nee 
Bos Si Se el SEs Se (ree | ee ot ChE Soe 2 6] 28 SoZ Ome el 26 1S pet 
Ae ee eh gh aac ey cet. aS | eas Be osaec 33 3) 20M 25 4 3 Oe site| 2624 8 
Ro sGhaeou eee ese eee eee earn 228 Pasar 21 6 | 16 OR eet, Gay BOA TE Gs hal 3 
Gee err es lee Mines 1 Delis sie 8 Sele 2 aa eae Sa reklama (peel Salen 29 Sal ease= 
(LW eS eal ees 2 4 Oialeeeee 34 a 2 10 44 6 CFS kere se ee 
Site. States tsa (n5 8 eae AG ea eee 7 Able 1B} | 1183 5 5 8 6 | 18 AR eee 
Ree rea cap ore =| cA onl ao ee eo Te lee 8 5 4 8 (eo \eeslion ame20) Gal 2 1A jeppicetls 
UD oo mo ee es See oe a fe Eee oe aoe 625 eae 30 | 12 6 5 4 Cale BT IBS ASA SheeHl eee 
UW co Se es nar 2 BS as ee soe AD a Sale >a O alee) = 9] 24 ie ee: 
LF Sages eS el a Bai | ce il Die | epee Sees | ia See |e el eee cio Ge-c[els cia 
13253 ab See Sas =e Ss een PN BO) Wssoas 46 Osis Oni ee 16 3 5 3 iNes apie |B 
HUA peepee oe a i fone [ ee, | Whar eal eae yd poe 9 Sulescer TSE |) AQ) es a 240) By. aire Pacer eee 
TB 3 cen as eee S| esac |e eee eed tee SO te ahh dG esse 9 Si Tees ey ees oe yal Pees cue 
1G. Se eee eee ee eee gy (ee ae a a Leer vee 2 4 So. Cis sl Sess) secteel Aeneas 
Ne (ppeeepepenig eee eg a (ees ele ee ee Ee: Tt Sa 4 4 Si AD es} en oe 10 2 
TQS ES ee ae ees Pepe Ree 1 Gulbee cles se: 7 Sle ube ale) alba A | aye pal IA ee ae 
119) ss Ns ne | eae eee Uy = aIBS |) all LB ex aaa els eS ||| eee I ek be ae 
sO () epee ee een ae ae he a | Peet Sts Se | eee 4 8 3 9 6) eal 6] 14 Ph aesee 
Oil A De ae aie ee ee a 2 AG SO ieee 48! 22} 26! 19 Byes THe OO ie IBS tp eb ES 
ee se eerie newest 5 | see sete ec | DS-Gne  OReaamealle tones [rlg IL We HSE ees hiees HRR co 11 et eee be eet (Sen 
DBS Oo a ee Li ee ent | Lge ead eae ol Ok ee ae IES ee cai estas cea Score eects aes te ea Mie ae a 
GOEL GY Os coe ec Wea ae | Ut eal eae ee AY | rape 8 1 2 Si | eer es ese esr 
PAB) eee oe (nes 1 32 2 32 j1 39 19 24 15 20 13 24 10 2 
WG Seg SSS Oe | a ee |e eae | oo Ee See 1h pees 1 2 7 4 (| Romer 
DO Cee ee ase pres ad baer es lel Meee 1A tee a 16 Sal one 5 9 rm owlt yal te D5 leavers | vent pt ae 
ee eee eee ee eee [oN eee ee a 4s essen 15 6 8 16 11 19 3 1 
DO area es agian (Ren (aye eae = Ae abe alee oe LE Le Wee se atee ee SIRE ae 8 | 30 6 | 30°) 10 5 

Notalsssa— ee: 9 | 24 | 534 2 | 421 | 164 | 261-| 202 | 296 | 194 | 368 | 229 | 295 | 91 21 


1 Dropped Jnne 26. 

2 Hyperaspis binotaia larva emerged June 24; scale dropped June 25. 
3 Loose and removed for dissection July 8. 

¢ Loose and removed for dissection July 6. 
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TaBLE VIII.—Daily emergency of larvx from the 29 isolated females of the terrapin scale 
in Table VII, Mont Alto, Pa., 1912—Continued. 


July, 1912. 


1 eee 2 et 30] 14] 11 ST eae 19 3 Oe Bees Bees ese Seen memos coos Aasce 142 
Dee RS Sten cies 2| 10 4). wesc] Seacts| ose oc) sce eee alee oes omwler |ocs ce | oaerer| coe oceee eee 121 
ate eae ie Ses 33 | 14 2 2 1 1 eae il So Bee Bone seced eoben aaes- 5 | 189 
Aun Ee sassiesee as 7 i RPP Sones been esces Sere hoseq pemer Sono terse cocoslkeaac soos. 214 
Gee ere Sear 21 3 Oy ID esse 8 TU 3 el SS eee saeoa acon 8 | 245 
Geese ee oe eters 23 2 5 3 |lacase it 3 4 1 | ee ere ere tT bie SA | 189 
Tso oR Len voces 2 cckocn Sa] S55 Sal Sse RR a aa ica | et ee | 152 
See eecGee ceded aos Ce era Mesa soe anos Zalacesleeect |s cael nceee >eee a ose eee leas 137 
Qe Soescisecs oe cere 9 2 2 33 Jlacase Sl eee (erase 1 (ees eae meee ences 1} 119 
DEBS SSC Ree eA CSS Bebe poces Soca soocd pecod boded sce Shocal btode Baosd loacdoc beds eodeallosase||ssee2 143 
Mea sac ce sosees 6 BN loaade 74, ooaee 6 Br saslslise ls eaase| ears Osco c|oceeeleeeeleeees 303 
1 DEE SB pepe CeneCne paced adeno labone|snbe4 bose sass 4odsaibcoce lse6aclocanel oasccllSoooe||aoced|lecSoallesoze 3 
ISsctseszeceaecesa|oscoe V | seacs| sees c| Meck Ste cl Scan! sessile | Seca | eran | ore erc| er eae eee 146 
Wier oe ce aes 7d ee Si| Baeac| Sapa ceca poset Bee sce) ecrtrcl Gerace Saace asa losos 88 
Uae eee ceesisicwea 43) 14 Se at Onieece= 9 3 9 + 2 4 Pi Ceres Es 1] 220 
eee e Ree eer Rone) Benes (Sonne Seba4 Becae Ecees Sscrs Senos! Sessa becae) |[Saaod loscad Ganocjoasealssose|sasec il 
Wes eo acas oer eats 28 6 5 2 sees 3 5 Ue eae 1 1 ee ae Saco 2} 124 
Its eoondscscposoes 17 uf 4 ZN Socee 7 1 3 7-H eee 7M soe 2|Se5es 3; 168 
1 BSR ARE Mans Rerc (sohb5| Sacee Bees ees Sess seses Soceo bacen sawea IS opel eee el eal ee eb Se oe 71 
2) oeso5s500500000C 36 | 17 3 oh eS ee 24 5 7 7 4 3 AMI 2 Soss|zaes 3] 187 
QUE eos see cee 28) il 5 5 1 Sileace = 11 Grif seee 3 1 Bere aorss eos 349 
DOE icickin ln sloiaicreis ae 2 BillGoses Besos w) | 6 4. | 52.22 ye ee) Beara seace 3 45 
2 ee eer Crore Fpoae peete Saeed Poesia asckd eecna Maser pacns oceed psaneliaseag feces eslen!!:-:-- 1 
Deo ve Baia cates 7h ARSE Banos Seat Sane eee meee 17 ewscalesoce| ssc cl eases emer lsoeee | eeeee 42 
DD eae weasesiesae 13 4 2 4} 19 (eset Sea seeped Enon eee meee | (eee ev [ens 292 
QO esc aaioe Suwanee ee 31} 12 Bel elon| poner 13 ie) |) AL 8 5 2: | ost ems oe al eecee 144 
24 (SPSS Sera Hs 23 3 4 4 eos Siless cal batse aoc se [Rosas Soe oe | Seen eee Sees eee 151 
7A RC ee SRE 7} 14 3 2 ae 6 3 7 4 2 3 Aalces al sec 5} 153 
7 ee ee SES EEE 19 6 4 Se |ESoee 74 eee 72d | Se be Se ee alee bstee |-----]----- 125 

Total.......}| 380 | 155 | 77 | 88] 21] 184) 48|132| 42] 20] 21] 11 | 3 | seeks | 31 |4,273 


1 Dropped June 26. 
Tomita ketimes 
4Loose and removed for dissection July 6. 

The weather was abnormal during the emergence period of 1912. 
It was very cold, with a daily maximum below 70° F. from June 13 
to 15, inclusive. June 19 was rainy and cold, with the daily maxi- 
mum below 60° F. The daily maximum did not go above 70° until 
June 22, when it rained. From June 24 to 28, inclusive, the weather 
was favorable, except for local showers on June 25 and 27. June 29 
and 30 were unfavorable, due to a cold rain and no sun. July 5 also 
was arainy day. The only favorable weather was from July 6 to 11, 
inclusive, but it was too late to have an appreciable effect. 

The dotted curve on the following emergence graph, figure 2, 
shows clearly the effect of these weather conditions. The solid line 
shows the curve as it would probably be in favorable weather. 

During 1913 a few larve appeared in the brood chambers at Mont 
Alto, Pa., on June 11. The larve were quite abundant in the brood 
chambers on June 12, and emergence started June 13. Thus the 
interval between first birth and first emergence was 2 days. The 
emergence from the isolated scales also started June 13 and the 
maximum daily emergence was June 18. Fifty per cent and the 75 
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per cent of emergence came upon June 23 and June 30, respectively. 

Emergence ceased September 30, after 12,336 larve had emerged. 
Table IX gives an individual record of the scales observed in 1913, 

showing the date of exhaustion. It also shows the effect of the 
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Fig. 2.—Emergence curve for the first 28 days of emergence of the terrapin scale, Mont Alto, Pa., 1912. 
(Original.) 


attack of Hymenoptera and the effect of the predacious beetle 
Hyperasprs binotata Say, but does not show the total number of 
embryos. 
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TaBLE 1X.—The emergence from 41 isolated females of the terrapin scale during the emer- 
gence period of 1913, Mont Alto, Pa. 


Last Parent Knocked 


Total scale Seale Scale Seale 
No. larve re = ope ys loosened.| dropped.| dead. 
ac 3 
NE Se as ke eee ee ee 204 | Sully (14 \osoes. esas Sn elee ese ene eee eee July 14 
Dee eR Oe ee ees 16: | Tally * .W esate esas See ele eee July 21 | July 21 
Darya aso ar ee eee ee AQ4”|' AUIS<= @Mlesenesees Aug. 27550 soe cen se|Sceceee eee | eee 
/ Neen es Yee) Bice nere a s oees ad 2063 | eSliy As eee ear pee July 4/| July 4{| July 11 
Be are a reo a eee ae ene 209):|) June +29: | Sates eee eee esse eee oeeeee July 10 | June 30 
Gite oe ee a haere Se 2335| AUSs SOU SepiseOlleseee eee Soe Sept. 30 | Sept. 1 
(ARERR: AIRS Se NE See See a hee ee ee 471s) 2AUg 2267 eee 0 Ones | pact eae el eee eee “Sept. 2 | Aug. 28 
BE Nea ma a aes na ee pe 108i.) Septei9s esos eee eee eee eeeeee Sept. 30 | Sept. 20 
US aN tance ees Serie ae pare nate A 458 Jed Uly S202 eee cee ese Seo | eer ee Aug. 15} July 2 
TE iat Ses ies eget ci mie erent (9G) Aes. 300 |Raeeeeeaee Sept. 24 Sept J) isepta2aie eee 
NE CU So ine cian. ep AL Se wa Reape sos 245s SuTie 2305 heaat tases pe eee 2 SER Soe July 31] July 1 
TIA Nees Ses ae ee ah Se ees Ba 663, -Septas0slree eats | eee eee Oct. 11 | Oct-10 
i Stas She ee ae ees Re es Sees ae eee 221 eT y = Ue Sows [Peace een | eae eee Aug. 1} July 8 
UARe aise a) ie ba Seen oS ped IGS) POUNe) 285 | Seaeees sas pee erenere June 22 ; June 28 | June 28 
1 Gaeta eh saree eat Bees gal AS Hoa RUIN Os2 28 | Seeeee eee JUNC; 225 sO se cq |ssoreee ee eee 
Gis Sete te Bake eee 387-1 July 201. jo. 205 ste s|eees oe | See ee Aug. 7 
Epes es as Wee Bee eS i a ae 389: | Sully?) We jot set neck | SSeke eos eae sees Aug.> 1) Auge oi 
LESSON Sia enc eee as as eg sues 192)\:| ShalyQelt se Satce becoeee ae eee July 18} July 18 
Tho aes cpt Same etod hee Roe IA ee ee 17451 June; QOr She = soe: |e sense eee July. aly 
AAU Rae ea eran eee fe ere en 945 Junen 243 | Junemlon|pssese cece eee July 21 | June 22 
DIS Ae Oe Ee Se EaN eee pat oar ope ee 304°) Sully 255| ao eee eo |e a Ee ee July 18 | July 18 
ID dikes Ure 3 has is CRs cys me i eee A ee at 130 C6 ees eee ee Aa a Alben ere ets Sis July 11 | July 6 
7 SUA ee Ae Ae eae ee 2A0'| Sully? = Ouse oeaese ae be eee ce eee July 18 | July 7 
DN ne a aod Soe RE eee LAS (UNC DON se eecasee JUNO’ 22") eoSsseeas eee eee eee 
Diese enh tne ane, Sapeme™ ba QW umer 1G sae his alee seer June 21 | June 22 | June 22 
iD Get eam ee Sate ne ferent 389) dilly: sl Ou| akon ae see eee ee ee July 11 | July 11 
(5 A AB SSE Ge Se SSS otra PASY fal lee [i882 )e 038 lsoeresanG sos Greases lppoboGo ase June 29 | June 29 
28 Se ee aa cee cee Sen a 6545 |PAugs 185 ae ese eae AUG. 235) 2c cee olen eeeee see 
OSE Sere e Eh BU CN ee BID i Aa NAG cance ale eneceeea|= see ae ness Seereeneee Aug. 27 
SSeS See eae soe See ee eee 309% | Asie 1) |aese Sees | Sees es | Sessa Oct. Asi eAUscaa2 
3} eee Sra ae Sea SS hee Ste eee 196" July F°S0| Seer 5. Soec|Goeeceemc: leeeoeeee ATI el Sy Aaa 
SS) ia a A ee a A EN Tee LE ADs UNG) 29. aes Sees Sok ec ee ease | pees July 1/|July 1 
Soe Sista tee Oe tersiarer omiaea th a ae 16:)) July 32 [e.2. sehen tatoos eetee cee eee eee July 3 
Be a eae ini sae ee SS EePCE es il |} dene) PRs 555555se June, 237 bcs2 ec [Sek Fe ee ee 
DOS RS a ene een eens eee OS TUNE! D8" | as Scie once | eee eee eal eee aceee June 28 | June 28 
OO RE ee Soe a ee ae eee 464) AUG. OP jescence dani saeese ace pee sae | Pee ee Aug. 27 
2 (sh ee ee ea Re epee Tc 373) Duly Taso ee os Salo See a eee See | July 15 
DOES ee aot oe Bee eee A33..| Jilly 226: |e ea saesse les see eee see eee Aug. 11 | Aug. 11 
BO eeab eA ees Ss hg ee ae S01 Dullys iG ase steel bee eeeece Saar eee Aug. 18 | July 17 
Asie oe alee es Saya orem eee GD7 3} Sept 9s) aos ssceeea | Pe cose eaes eee ce meee | See eee Sept. 20 
Zl ey Ae ee ean ead a Neca 2 2S eS ales LTO: | Jal yes |e ae Sakae | Se es as | eee Aug. 23 | July 22 
Total: =*: i Gore. 13 Bees 12, 336 


1 First instar Hyperaspis binotata emerged from this scale July 1. 

2 First instar Hyperaspis binotata emerged from this scale July 14. 

3 One hymenopterous parasite ( Coccophagus sp.) emerged from this scale Aug. 7. 

4 Two hymenopterous parasites ( Coccophagus sp.) emerged from this scale July 16. 

5 Seven hymenopterous parasites ( Coccophagus sp.) emerged from this scale July 13. 
6 First instar Hyperaspis binotata emerged from this scale July 5. 

7 Three hymenopterous parasites ( Coccophagus sp.) emerged from this scale July 13. 
8 Second instar Hyperaspis binotata emerged from this scale July 18. 

9 First instar Hyperaspis binotata emerged from this scale July 18. 

10 First instar Hyperaspis binotata emerged from this scale June 30. 


The emergence started June 13 with 18 larve; the maximum 
daily emergence occurred upon June 18, when 1,229 larve emerged. 
This was 5 days after emergence had started. The first half of the 
brood (6,168 larvee) completed its emergence upon June 23. This 
was the tenth day of emergence. Seventy-five per cent of the brood 
(9,250 larvee) had emerged by June 30. This was upon the seven- 
teenth day of emergence. The daily emergence was not taken for 
the entire period of 1913, but data for the first 22 days, which cover 
slightly more than three-fourths of the total emergence, are given 
in Table X. 

Table XI supplements Table X. It carries the emergence through 
the entire period by weeks. It also gives the date of the end of 
emergence for each of the parent scales. 


aaa, Pee Oe 


ND 


THE TERRAPIN SCALE, 


9F8 ‘6 TS 98 ISt | ZFET | 8Z4— | OTS | 948 | O&2 | 9ZT | 999 | 619 | O8G | 29G | Z8T‘T] TFO‘T] S69 | 62z‘T| OFS | ZzE 


CTL I (seen pce Borage Blak 4 4 L v L OT G G ST 9T 0G 0G 
(ahey Grete | manana T 9 9 9 § € 9T 4 9T €F 0G 1G OF 9€ ce cE Beer el |e brace 
66G ae ae (eae ITS G 4 Gr €T 0G € 0G OT ST 16 0€ T& 0€ 62 Rae rail ebe rece 
99¢ 6 G v 9 6 Or P GG OT 86 bP CT GZ Gé 6S 0G 0S 06 GL 
T9€ Speen lid T 4 T CT i GL v tI 1G IT GL GS OF 8§ OL 06 OT 
F8S G Il OT II 6 0€ GS 1G 9 9L 9G G 2 CT 0G 0G 0€ LT aioe 
€6 Rae RC | [srsies seat eceiaetey | iPS Fy pega Vien Tea | L € ST €T 4 OL 0G 6 i i ae teal eee et 
Tet See a [Cie che ia brates aud fetes ert epi aaie | faaceac mes ae rinses al NERO PWR faearcroaaae Ie a 9 9 Pal aS 0€ 0€ L 4 
92 Zone pmsl (emacs NA ial awe Ol 6 8 Pe eal Pee Seek eh US cT Rear aut RecA) be areas || a aoe | SS | ac gned 
(Gi pase aa | ae PIC | ic goalies aoc a|| ome eae | T v Bedesem OG T peace? L se reeae pid Stat Sota IE SS 
002 Selene eal Lai | me bawall epee bake € cS i CT 0€ € G 86 62 9T 1G OT Sees 
LOE T T G ¢ 9 € 8T 0€ L 66 cE 0Z 0G 0S (6 0G 06 v 9 
F66 4 € et a4) Ok T G 8G 02 9 LT 69 VI 0G GV 6G CT 06 6 Tea RE 
ThP v 8 v 6 6 12 0G 89 FT Z 19 8 9T 8E OF 8€ 0g tL ‘ai 
L9G acral (cee cher eaten Cael ome pi |v eae =| enna aaa bat Gr 9 9G 0S G G 0g OF TE 8% 9T etree. 
GLE 4 9 L L L G OT 0€ i; GS 6T Ue 9 9G €9 9G €8 G CL 
6 a ci] ieee ear at | meer | [ese toe rhs eae Nance a rd bas ees eae | ame | ceed] kes [Ee Ree ee ners | eee | G T G 
FIT See aearas [lceectabaed | ereug amiga el ean pu ace aA ioe oso Fata | aA sel Rag Taare re hc ee [NEO Joe lange ALOE KG v 08 L tL 
SPE G g 8 € i v G Oct |v 1X6 LT 9 8ST 6I &@ CT OF 92 G 
8oT € 4 8 Riese eel (tia thea cea ll inp anal bem tee Seinikcnel |e G G OT OT II OT &T (ai €T 
86§ € v tT II a ST 6G 0€ one aalwOg, 08 GL GG Lg 9€ 97 g ee eee he 
$6 eealresag| | aceasta heater ead (epee ma lee decane (osc tig asa eee Vie ee Reena [a Sp aeeeer |abe crates OW, 2 v 8T 6 9 
CLT iN Apepel asle hoa) [Sanat aca ce ae peda (OG) 1X6 LY 0Z 9 G L Seen |G 4 G ST 8 T 
C61 Sopa oe bcateay ta baa De geal eee ta &% G Terre | x41! € og 6 CT Z 14 6G OT 9T 
L8€ Hcemaga O es 6 L 6 a 4 8& It €2 6 89 GP 8T 0g 16 L 
SFE P G G € g ia) OT 0€ 9 GS v 0€ KG 09 LE FG 62 CT 02 
€S Scape | eeanient kc ule etre orem leat ion Ale ty cod | beinroeatic’ | eleva eh espe al| Baad inal goatee eet oes G Il I (qi OT 9T 
COT Pet rae | aaa | eae es age | tena aid [epee al siege ae (LL T T 9 Seay tery ta) ST LT LE ST €€ 0G G 
612 ea SO. = ea eenedl Wisse cee’ tampeeatteal L T pa ateas pads 9 € 6 v 0€ Z OF VG GZ 
G6E ee crca | | oe mate 4 € 6€ cL Or 9 0€ 6 8T CT IP 8G 8ST 09 0g 9T 
OSG Fy cel Maes ee a fl (eros lad eae FE Bees aeein hal! GG G GE G GG 0G TS 9T OL 0G GG 4 
GLG 4 € 6 LT 8P 6 OF €T € 6G OT OT 0€ €P 86 02 16 CT cT 
€6P G 4 L 8 6 4 TT (ai G GG € €1 GP €¢ €& TG 194 o¢ 6G 
8LE 4 6 ‘ai 8T ST 6G 9 0€ 6 6€ 8 LT OT LE iis 9G 9€ 06 GG 
166 i G CT G € 6 v 2 € 6G v 6 86 8& 6€ 86 OF KG tT 
9€T Z L v G 9 v presen | 0. € I L 8Z 4 1G FI 9 L Z T 
602 Se Ayal laze ay teal hae taal eee eel eapaea l WG) II 0G 6 I € 8 8T 9¢ OT 8T 02 6 TI 
F0G 6 € IT € v &T OL ai G G L ST or 86 OF €T a OL GEMAe ee 
TLE € € 8 II TI 8 OT 8T 8 Té IT TZ 6 cP 0€ LT €¢ 0G T 
OL prcoee fee's Ha tees (aD Tee | OIE G IT € OT FL cree Gin 4 v aheeuatalaal Sarees 
€61 See el ies FRE | v v 6 8 GL ¢ 91 G 1G v 8T IL ral GT 8 0€ 

v € G fio 0€ 66 8% KG 9G GS UG &@ 6G 1G 0G 61 8T LT 9T CT ial €1 : 
BLATON ON 
: “<n ‘oune 


<P RRNEY BRR OPS UAE 


g G GT PP LOT 06 661 602 LEG 188 09g ele. T9@ ) \TSS"E  eniG ee poe iar GR cl) eens edo 


ST Ce Sinise yy eb 6 v6 IP OF IF oP GP LT 8 6e GZ Ip SLT 0 169 tect e eee eeeee we eeeeeeee OF 
ho AN Ee 2 a See ne clk kta ay RS lke Rae a | 0 0 0 9 1S 1Ze0r MOOT MINTER c(i ce ee ae ae 68 
Eas armies Peele ete Pali c cle ht fale eMac ge eal scats cacleoc cee clk ger Tlap 8 Tene tn) 6: ty he0. We aeonem sleepin ila gee 2 ane eames ge 
ply ARI OEP A OS Stef a ae cy ka Up a SU a We Se aa I SI 9% 181 SEI ca eel eats i lami eV le 
ane A ae eens ee areal laren Narr CAR aa Mae ilirenuate wpa arate uj. fe | LO 69 €9 61 CT OTT S6 L9 Ao) mee aa eae pe see de ge aa os a 9€ 
eg ENON eee 6 St] nee | | mn ed ER Sy Decl || cage pa Be calor ae A ei all a lta Ee |B ea eR Pd, 1 GB isp ilRTe ae RAS etic as ce 
Cire POLAAYP [fee OR OE Ons Ee ag Sao me ah el eae hee are bee sh | aOR Va |e Le ce ire slowest (GC 12 Tp ae ase can nee ce ae re 
PSI aN AIS ei Tie Ce a | ee Ria a a yee mag aS ee ae Bas | |New Bebe ea Li dv Biel 2 hee sD | lm ca Va Nae eo Pee 9, pel LO LV 0 gL SR tit at wea es AKT, ee 
fof, Cmte PPP OR AS TES AE Sea tlle ace eS fest Rig ae Re ce aH Ue GAG | Ro (Ota eta a oe p Cie i Roya ats eee ae oe Ze 
‘@ Aug cee eal Shc a jellad) amare oe lla Thoss cham Eee eel ea amc Mra Pascal be iti ge PIL LP 96T oe Rk Se ee 1€ 
Tees AVON |eeeeeo cad lene eel iNcae wo irc ote ae cle gata de ee Rac uae ces | parame LL! 0 ai I P G9 061 9¢ 608 Ne ie So neaee {2 ene O0€ 
jet seo iniy ol ley cas ae cal ae 5 Sara |e ea Ma Te cee Finca se pil we Seer see Petals abel inte! GZ GZ PP Ce le gatee tho) Rani tae Gece aes 6% 
Rene Gnaeus Semeeel cs ct ot |o paiomeee |" ete sad Se IT K¢ bE PIL aa) Piss lamisil yg) = = iore minute eee 82 


oS RO COL (Ol emir cmrtgellm camer cca Tae. Tilda ae ely ONS 73.5 gil ge Bee Ee || ea aaa maa Aa] [ca sal iapes gia 9) Sa a le ie ae ac ee cee ea 1% 
CE ee ne cee ee ee lly ica eum ung mye] (Ale 1S a CO | | pan LAAN ec (a Reame|(c S SPL GSier . vieieteer cece peur choles aes "9 
VT EXO TT ae Sar IE pep Cie ana Mar pm No Ea Cee NG Meat emer ats Sg ger eens c 


Se re ee ee ed 


LL PU: incl eee es ae ee v6 
oy AYRE PEP OES ET Be ECT OC Rac a al a enc (tc Vee a i 0G 2 6g rIT | &8 OpGet i sere ge pk oe ee &% 
erg] YP et eet alpere eo fog ncoo Soe a Lie |e ea edetiat eam el Ge cient a ci DNR Rai GT 8h Z9 OS ta ie heey eee oe at ag 2e 
ay ASpage freee GE Rec eC OE TET I kama ac ck (Se a a UN es! OTC Nee FOG. clas eae eam Tan 12 
eg. Cabump  Veree seas es fotos CCIE Us ES ICS Ee faces || la ena (acerca (ere: Mae be Lg Ponce aaaararie ren. 08 
Shug PRI 2 POE foes 3 aI Ice AS GI A a ae aa] Pea ia eC ck tele hee 6g oe lie ees EO ea re a 61 
CNG Pace er aera armel eee el) srt tieclcr ts csc eee cctiaee oe fe 96 G9 COT lin oeen nuns sone sts 2 
eT |e CO SU SSBB LS Cae EI NS SS aia sc a a ane ar Lae a a ae a ea L 8h Gh | 96 CSCNrAs eo pat oe wacce gs LT 
ie Ail AEs ei iat Dia ers cc gant Wel ee | ee (Rca eral mena ea “Lt &% 8 19 68 | 88 ROME cat apes eG: hon sas oT 
le, unl, Pos Bellpecreae etal ee oul | eee eel eee nee S| oe eg ail gee | aApM CCIE jesse yO ag (CAAT RI RARE AP 68 tee ON are cea eae CT 
G6 CX SSS RS EER ala aol ee ae oe heatcrtins alee peti pA cess JI ak gies (OK opeamea 4 28 18 COTAe aya: ast Ga cae og a 
J AMAT S ESS TS a arto aa eet I 7 RR ea al i Teal perve eaual 6 rT 6g OUI WeelNCOs sac ste ee aga 1 
og ydog | € ak aed 8 eT 8 9% 8e a 9g 19 ge eI 69 WET SS OUT oii LCOQe nies eae oh ee ral 
(Of CHUTE ST ac ag lao fa i eg rales ate tees cal ee wag Genes ge [ot ae Heat ase aimee Pak Ge Let | 99 Choe, (P20 as eer Cage ae II 
ake iy PP IS a eb a 1Z Lb 0g 6L 98 Lg ee 1g 60. | Zot | 08 OGRE e pilin SES ete aa OT 
iy ANID Pee TG dl Kare aaa ra cl I a ‘at we Gg Tibia a) Beit fe) 2 ca lala aceasta geese 6 
alii oles} Poe Peal T 21 ay el 8h 0g 1% Tg bg OP 02 ROT PSE MOTOR (PUTT (oe SBOL Sw 5 deat cc eg car ear 8 
OPmeUM lia atdleusernaatis cis Serres | pa ae 1 € OF 0g Lg Gh Geb OOD. 2. | s1Ch see cient cee tee d 
Pomona wear imo |; tes 9] T T 0 g 9 02 6% 9% 81 ze Ql 12 eae Meer ee rane eng 9 
(hg mille PEPER OLE] RCO Ge a eee did pacts egal io cow ani iene re [erat Anal nai cate | ren aan MO as cena (CG cor | #9 G0G [tne es eee eed G 
PS Ly ees | npn ipa ee loee een IN Hoss | vee Sa al ete teenie lp teke ree ec rere gfe S(O ART LD gg OIL | 98 906° eae ae ema 5 
RAL Vea seer tgents | tee lac rmocn ccs na Ro Aree s/he see Se eae al cor aree (LS Ze 02 G 81 69 GOS | #6 ee ee ee g 
(he AEE tC Or OSS hier air aariacaae eee gr bee ad eagle 0 0 LZ 9€ L OU a eee ae ieee z 
U1 AME eee oe IS ott cae erga ia ema a eg ace Wenn ee a cee ae ee!) ah 98 G9 UGG RY xin eaariaaee RaW oa I 


BULLETIN 351, U. S. DEPARTMENT OF AGRICULTURE, 
R 


Gonos | Cee? | 88-6E | “8-2 | “TI-9 |-p-ydeg| gc-ae | Te-ot | pI-8 | ce-T | “Te-92 | ye-sE | “ZI-1T | “OIF |e Aime) ‘2-02 | “6r-er | “warey 
-IOUL -ydog “ydeg ‘idog | ‘qydog |-6z'sny| ‘sny | ‘sny | ‘sny | -sny | Ayng Ayne Ayne Ayng |-zz0oung| oung | oung | [eyo 


—: . * —_—— —~ 


16 


De ‘ony Mon ‘XT 7AqQnZ, Ue apoos widnusay ay) fo saynwuaf paynjose Ty ayn Wouf aoVabsowa h)yoo4{ —' TX AAV], 


THE TERRAPIN SCALE. ibys 


Table XII gives a summary of these data, with some additional 
details from Tables VII and IX. It also compares 13 normal females 
from each isolation. 


TaBLE XII.—A summary of the emergence data from Tables VII, VIII, IX, X, and XI. 


Maxi- 
Average Emer- 
Number Emer- mum Emer- Emer- 
No. Year. Eolas of larvee pose gence daily | gence, 50 | gence, 75 ee 
- | emerged. feats started. | emer- | percent. | per cent.| “; ae E 
; gence : 
3 19121 {Norm 26... 4, 258 163.7 | June 16 | June 18 | June 25] July 11) July 15 
=" oS Saale ~-|\Normal 13. 2,753 2 Se) pee Ones aend Ones =e GO ae <0 =4|) D0: 
a 1913 Total 41..-| 12,336 297.95 | June 13 |...do....| June 23 | June 29 Sept. 30 
ems ~--|\Normal 13. 5, 211 AQ0SS == -d0= = 32 |= --d02- = uune: 24: eFulys 10 Do. 


1 All females on twigs were dissected July 15. The isolated females in 1912 had all stopped producing 
young by July 15. 
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Fig. 3.—Emergence curve for the terrapin scale; first 22 days of emergence, June 13 to July 4, inclusive, 
Mont Alto, Pa.,1913. (Original.) 
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The 1912 emergence was shortened by the drying of the twigs to 
which the females were attached. This was due to the method of 
isolation. This difficulty was overcome in the 1913 record. 

The larvee of Hyperaspis binotata Say were more destructive in 1913 
than in 1912, but on the whole both records are very true to the 
conditions prevailing in the orchard during the respective seasons. 

For convenience in comparison and also to show the effect of 
weather conditions upon this emergence, two graphs, figures 3 and 4, 


SUNE JULY AUGUST SEPTEMBER OCT 
13-19 20-26, 27-3, 4-10, 11-17, 18-24, 25-31, 1-7 8-149, 18-21, 2228 29-4,5-// 12-18 19-25, 26-2,3-9 
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Fig. 4.—Curve of the leafward migration of the terrapin scale for the total emergence period of 1913. 
(Original.) 


are appended. Figure 3 has a solid line added. ‘This represents the 
weather correction for the curve. In figure 4, where the curve is 
determined from weekly observations, very little irregularity, due to 
the daily weather conditions, appears. 

The emergence period of 1913 was moderately favorable. The 
temperature was high and the storms were of short duration. On 
June 19, 22, and 26 rain checked the emergence, but the larve 
merely remained in the brood chambers over night and emerged on 
the following day. 

The graph of total emergence by weeks during 1913 (fig. 4) shows 
a very uniform curve. From the graph it appears that the major por- 
tion of the young emerged during the first three weeks of the period. 
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LEAFWARD MIGRATION. 


The migration to the leaves begins immediately after emergence. 
The larve start emerging usually about 10 a. m., or even earlier if 
the temperature is high, and by 3 p. m. the daily migration has 
nearly ceased. At Mont Alto, Pa., during the noon hours of June 15 
to 20, the branches of infested trees were swarming with countless” 
numbers of migrating larve. During the leafward migration the 
-larve are strongly phototropic and negatively geotropic. The time 
required for an individual to make this mi- 
eration and to take its position upon the 
leaf is remarkably short. 

Two hours is about the average time from . 
emergence to the completion of the migra- 
tion. Many reach the leaves and attach in 
less than an hour, but others, especially those 
that have ascended dead branches, may con- 
tinue to move about for several days if a 
suitable leaf is not found sooner. 

It is very unusual for the larve to relocate 
when they have once taken position upon a 
leaf, though they do this when the leaf loses 
its vigor. The larve, except in rare and 
unusual cases, attach to the underside of the 
leaves, mostly alongside and parallel to the 
midrib, or the larger veins. (Fig. 5.) 

Larve usually attach to the first avail- 
able leaves. The basal leaves upon an 
infested branch are always more heavily 
infested than those farther up. A sticky 
secretion upon the very young leaves repels 
the young larve and prevents them from x46. 5.—Peach leaf with attached 
attaching. The wooly coat of the fruit pro- eve of the terrapin scale. 
tects it from larve. Larve frequently crowd Se 
upon the fruit, but in their struggles to free themselves from the fuzz 
they invariably fall to the ground. 

The rate of migration varies with the temperature and the surface 
upon which the larve are placed. Table XIII gives the rate per 
hour, time, temperature, and the distance traveled by five migrating 
larvee of the first instar upon smoked wrapping paper. The average 
temperature in this experiment was very favorable, being 87° F. 
The rate per hour was very low, owing to the annoyance caused 
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the larve by the fine soot deposit upon the smoked paper. The dis- 
tance traveled varied from 97.7 cm. to 175.8 cm. Figure 6 shows a 
tracing made by four of the above-mentioned larve. 


TaBLeE XIII.—Record of travel of five first-instar terrapin-scale larve on smoked paper, 
Oct. 9, 1912, Mont Alto, Pa. 


Average 

No. Start. End. Time. Distance. Bate Ce temper- 

: ature. 
Hrs. Min Cm. Cm SoH 
Wn oS Aes tee ake Ree Oe ee 9:26)a5 Dl ee) 2 patieenae A 34 113.7 26. 54 87 
DES ee ae no Ey nen Se aye ee eS 9.26a.m-.-| 3.15 p. m-.- 5 49 175.8 26. 596 86 
Ot Shine lane a OE eae Se eee | 11.20a.m-} 2p.m.-..- 2 40 97.7 36. 64 89 
ene a a ae LOL0Sias me] Zipp aiaeee 3 52 99.6 25.76 87 

OS aye cok a Siar cra ee were pe ree 9.26 a. m 2.50 p. m.. 5) 24 161.7 29.94 86.7 
AVOTALOS. ole oS ces SES. S8 wise ew Se eS miele erat reer eee Sie ell ep tee tee | ere ee 29.095 87 


The larve are so small that they leave no trace when moving over 
the finest soot deposit. The deposit, moreover, retards them. In 
moving they are constantly exploring the surface with their antenne, 
and these soon become coated with soot particles. When this hap- 
pens the insect halts until the antenne are cleaned. (For compari- 
son with the rate of progress upon smooth, unsmoked paper, see 
Table XIV.) 

A single larva that emerged at 12.10 p. m traveled, when placed 
upon plain wrapping paper, 826 cm. during the 3 hours and 20 min- 
utes in which it was under observation. This larva traveled con- 
stantly after the first interval, and its speed was about eight times 
that of larve on sooted paper. Figure 7 shows a tracing made of 
this larva. 


TABLE XIV.—Record of the travel of a newly emerged larva of the terrapin scale on: plain 
wrapping paper, July 10, 1912, Mont Alto, Pa. 


Time of observa- | Tempera- | Total dis- | Interval Rate per verses 
tion. ture. tance. distance. hour. nies Le 
Py 0 Cm Cm. Cm SOE, 
12a Op ama 86". ad cise eee ee eee 
IAN] Oo ile ss ae 86 35.3 35.3 141.2 86 
Ths) oad ees a eetoce 86 184. 4 149.1 255. 6 86 
isp) mee 86 239.3 44.9 179.6 86 
Ini sececone. 86 298.3 59 236 86 
Zell] iN seboss=e 87.5 473.4 7A! 262. 65 86.75 
MsV 105 MNase secs s 87.5 557.2 83.8 251.4 87.75 
3a) [0g Bs ge Seg 4se &8 826 188 282 88 


iAveraget <2 [2s ae ean | eae | Sa ee | 931.356 | 86.9 


In 1912 three experiments were performed to determine the longev- 
ity of the leafward migrants when they were unable to reach the 
leaves. The data from these experiments are recorded in Table 
XV, and summarized in Tables XVI and XVII. They show that 
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‘the migrating larve can live from 2 to 3 days. More than 78 per 
cent of the larve died upon the second day, and the mortality of the 
remainder was about equally divided between the first and third day. 
It was apparent that the third day was of very little value to the 
larve as they were in a state of collapse. 


TaBLe XV.—Longevity of larvex of the terrapin scale at the leafward migration. 


Expe- Num- i Num- 
riment pene! Time of start. Time of finish. Surface. Time of observation. per of 
used. dead. 
Hes: 3 | July 2,9a.m-..| Juiy 4,1p.m--.-| Dead peach twig-..} July 2,9a.m......... 0 
: Voile; O Geil osasese 0 
Gli O Reise oeeeese 2 
julyz4s pms ee es 3 
Wie 125 | July 7, 12noon.} July 10,3.30p.m.} Exterior surface | July 7,12noon.....-... 0 
of test tube over 
water. ; 
JulyrSeSia lee eae 10 
Tuiby2 OF sO lame ae 108 
July; OS t2inoones22-=2- 110 
duly 107 Sian mies eee - 122 
July 10,.3.30 p. m-....-- 125 
i ee 13| July 4, 8.30 | July6,8.30a.m-..| Inner surface of | July 4, 8.30a.m....... 0 
a.m. test tube over 
water. 
Suilyc4 Sup Mle sea 0 
July 5, 8.30 a. m......- 5 
Abt by G54) 10 WN Seo ooe 7 
’ ADIN? &),.@) (Oe MNS ooscees 7 
July 6, 8.30a.m....... 13 


TasLe XVI.—Daily mortality of larvex of the terrapin scale from data in Table XV. 


: : : Per cent 
Experi- | Experi- | Experi- | Dead, by 

Daysat death. ment I. | ment II.| ment III.) days. eae y 
uirci mene ee ett eee The Ass. o. 0 | 10 5 15 10. 63 
SEONTGIS oo Se ele Se ee el ee ae 25 100 8 110 78. 01 
TPDUs SEE Te Bae aoe eal ees Aen ee 1 15 0 16 11.34 
oLalteperne ee a per se eee ASS SRS ATs 3 125 13 141 9S. 98 

I 


The summary in Table XVII shows that the average longevity for 
the three experiments was 2 days 94 hours and the maximum longey- 
ity 3 days. 


TABLE XVII. — Maximum longevity of migrating larvx of the terrapin scale from 
experiments given in Table XV. 


Number of 


Experiment. specimens. Longest life. 
Lena SOCRO ES hh a ee Ee SRE Sere arte ee GP eee arte aie a ee ee 3 | 2 days 4 hours. 
NT oe En ce ace aaa eee Sear eee ne ee ee Step ara eemeee Eeeaats 125 | 3 days. 
LD esedi SS SES SE pe a gn 13 | 2 days. 


Average... ee a A ge a Bf Fe Wir il EAB Lie ey U8 Se eT ase PS lee A seeps Soe area 2 days 94 hours. 
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THe LEAPFWARD MIGRATION AS A FACTOR IN THE SPREAD OF THE TERRAPIN SCALE. ~ 


The leafward migration is a strong element in the spread of al 
scale over the branches of infested trees, but it is not directly effective - 
in spreading it from tree to tree unless the trees are in actual contact. ; 
Indirectly it is one of the strongest factors in the spread of the : 
scale. The young larve are not readily displaced by wind, but — 
they sometimes drop purposely — 
from dead twigs, especially when ~ 
they have reached the tips with- — 
out finding foliage. Such larvee — 
may fall upon foliage lower down 
or drift in air currents to foliage 
onadjacent trees. Most of them, 
however, perish on the ground. 
Durmg windy days particles of 
bark and loosened leaves are car- 
ried by the wind. That wind is 
a prominent factor in the local 
spread is indicated by the fact 
that infestations travel through 
orchards in the direction of the 
prevailing wind. Thunderstorms 
sometimes come so suddenly that 
the young migrants are washed 
from the twigs before they have 
reached the leaves. This seldom 
happens, because the young do 
not ordinarily emerge when the 
humidity ishigh. The migrants, 
when displaced by rain, will float 
for some distance, especially if ac- 
companied by particles of bark 
; or other débris. 
Fra. 6.—Tracing of four young terrapin scales during : 5 
the leafward migration. Reduced 8times. Tem- The spread, except as indicat- 
perature, 87°F. Average rate per hour, 29.095 em. ed, requires the aid of some trans- 
( Original.) f 5 - 

- porting agent. The migrating — 
larve cling readily to hairs, to feathers, and to other small ob- — 
jects. While the author has never taken insects with the larve — 
attached, he has placed specimens of Brochymena upon branches — 
covered with migrating young, with the result that the larve 
were soon clinging to their legs. Feathers touched lightly to — 
the same branches were clasped by the moving young. A pair 
of cioth gloves placed for 10 mimutes upon a branch had 20 
larvee upon them when removed. This last observation indi- 
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cates that orchard workers during the migrating period might unwit- 
tingly aid in the dispersal of this pest. 

It is possible for larve of the first instar which have attached 
themselves to leaves to be transferred to other trees, as the following 
experiment shows. Thirty larve that had loosened themselves 
from a wilting leaf were placed on the foliage of another tree July 
Po at 2 p.m. The first 


tached July 23 at 8 a.m., 
and all of them were at- 
tached by July 24 at 8 
a. m. 

Dispersal may occur at 
this period in at least 
four ways: 

(1) By dropping of lar- 
ve from dead branches, 
fruit, etc. 

(2) By wind transpor- 
tation. 

(3) Through transpor- 


(4) By animate agents 
(insects, birds, orchard 


Mortauity DurRING MIGRA- 
TION. 


Practically all of the 
emerged young make a 
successful migration. 
The only exceptions are 
im cases where the larvee START 
stray upon dead branches prc. 7.—Tracings of a young terrapin scale for the first 3 hours 
or the fruit and are unable and 20 minutes of the leafward migration. Reduced 8 times. 

; Temperature, 86.90° F. (Original.) 
to return and in the case 
of those destroyed by the occasional attacks of predatory enemies. 


The mortality at this time is indicated by the small number of larve 


that fail to attach themselves to the leaves. Of the 12,336 larve 
that migrated in 1913 from the isolated scales, all but 15 successfully 
attached to the underside of leaves. The mortality upon the average 
orchard tree is shghtly higher than is shown in the case of these 
isolated larve. 
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SizE OF THE LARV# AT TIME OF MIGRATION. 


The size of the larye varies. Strong females produce larger 
young than weak ones. The larve are largest at the begmning of 
reproduction. They gradually become smaller as the season advances. 
Measurements made in June, 1913, of 10 larve give the following 
results: Length, maximum 0.475 mm., minimum 0.41 mm., average 
44 mm.; width, maximum 0.26 mm., minimum 0.20 mm., average 
0.25 mm. 


DESCRIPTION OF THE MIGRATING LARVA. 


The distinguishing characteristics of the leaf migrant are: Average 
length, 0.43 mm.; average width, 0.23 mm.; color, pale translucent 


yellow, with reddish brown eye-spots; body very flat and oblong; — 


antenne with six jomts; feeding tube internal and folded midway 
upon itself. (Pl. I, fig. 2, p. 8.) The anal plates have each a single 
major apical seta 0.2 mm. in length. The plates have their distal 
ends just reaching to the tips of the body lobes. These plates are 
held in a relaxed position, that is, with their adjacent edges forming 
an acute angle. The terminal anal plates, together with the folded 
feeding tube, are reliable characters for identifying the leafward 


migrant. 3 
LEAF-ATTACHED LARV4, FIRST INSTAR. 


The larve emerge, make their migration, and attach to the leaves 
during the second day after birth, but take no food until after attach- 
ing to the leaf. Death by starvation and exhaustion results during 
the third day after emerging provided an attachment is not made. 
It is doubtful whether the larve can live in the. brood chamber more 
than 4 or 5 days, and at any rate they would be too weak after the 
fourth day to make an effectual effort to reach the leaves. In 1912 
there were several periods in which it was cool and wet for four 
successive days. After these periods many dead larve were found 
in the brood chambers, some chambers becoming so clogged as to 
prevent the further escape of young. 

The larva, after attaching to the underside of the leaf, retains in 
the main its earlier characteristics. The proboscis is thrust into the 
leaf tissues. The anal plates, which during the migration were car- 
ried with their adjacent edges diverging, are now held in close contact 
when in repose. The body lobes, which at attachment were even 
with the tips of the anal plates, grow steadily backward and inward 
until they meet behind the anal plates. By this growth the anal 
plates with their long setz are made to recede from the posterior edge 
to a position upon the dorsal surface, as shown in Plate I, figure 3, a, 6, 
p. 8. A thin, brittle covering of wax appears on the dorsal surface of 
the larve during the latter part of the first instar. All leaf-attached 
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larvee that have their anal plates adorned with major apical setz are 
in the first instar. 

The growth is constant. Both length and width increase in the 
same ratio. In the first instar the larve increase their length and 
width about two and one-half times, but they do not noticeably in- 
crease their height. Tables XVIII and XIX show the measurements 
for a total of 201 larve at various ages during the first instar. The 
data in Table XVIII are from larve that emerged late in the season 
of 1912. They encountered more than the usual amount of unfavor- 
able weather. The data in Table XIX are from larve that emerged 
in July, 1913, and that had favorable conditions. This table also 
shows the percentages in the first and second instars at various ages. 
It required about 25 days for larvee emerging on August 9, 1912, to 
reach their full development (0.9 to 1 mm. long) and to molt for the 
first time, while those emerging July 1, 1913, reached this stage on 
the sixteenth and seventeenth days. 


Taste X VIII.— Measurements of 91 first-instar larve during the unfavorable season of 
1912, Mont Alto, Pa. 


Number 
<nan;. | Average | Average 
» No. Age. of speci- 3 ce Emerged— 
8 See length. width. 8 
Days. Mm. Mm. 
Is co Swag cette tee OR i alae care EER tr ea ete 0.25 6| 0.44 0.23 | Aug. 9 
D6 Bas CBee OES ARO ECR eer ee ere 5 5 - 9325 . 2044 Do 
Tt ee ea Se foe rs ge tee Ma) S Sc aible cies 6 3 595 . 287 Do 
SAMPPN ES ET se 02 ete te At eee Me se Eaten oe 7 2 - 6046 . 276 Do 
Din Seceo Sees 256 Gap ese aie sree eee 9 14 - §307 . 279 Do 
On 50 Sos B OS Co aS SSS SE Ben oe Be ne aaa aenaee 12 6 . 8467 . 425 Do 
Th os Bo iE SO CE Re tec a 15 24 . 8968 439 Do 
Bo So SSUES BS Se OR EE ORES SE ea ER eee 24 12 931 50 Do 
Oe ee mee eae te ites e lay bic oo nciates dee Shiai Se ~ 22 a 9348 499 Do 
NO. oS bes SSeS Gan A See ee Oana ee a 25 12 . 999 522 Do 
SRO tall ea saree ohn re Ae ee oe cea tele cies nea S Up Ree Siyec bareo clas treo meets 


TABLE XI X.— Measurements of 110 first-instar larve during the favorable season of 1913, 
and the percentages of larvx on the trees in the first and second instars. 


HETRCE x ik eet cent yer cent 
= : verage | Average coq__| Of larvee | of larve 
No. Age. CES I | Jength. | width. Emerged in first |inseeond 
at instar. | instar. 
Days Mm. Mm. 
psc eee ert Sie aaa srt a Ie eae 22 0.5176 Q. 2659 July 17 LOO Renee toes 
Boe on eA ea ee eee 5 2) - 55d . 2873 does 1 QO Sires | eet ee 
Eee ne a eee ancie Shoes. ea Pert 8 15 7275 39 July 1 LOO A eS ae ees 
eee eB ry Sh cy RT 15 19 94725 5235 SOON eete LOO ee 
er eet ese re ee Se I7/ 8 9625 . 521875 WOsa6c5 80 20 
Qs 3s Se ae er ae ee re 18 10 9975 7020 IdOS Ss 48 52 
Me ee Ak Ce Ls 19 5 97 BO? ROOF eens 20 80 
oi ae Sea aoe ae ae oe Se 20 3 9375 . 525 June 26 10.9 89.1 
GC) sp ie aie ae SS ae a ee 21 3 9916 5416 July 1 of 93 
Us 3 , Sa Se Se eh ee a ae 22 3 925 525 June 24 LON 89.3 
TIT 5 ates RSS ea ee arene 23 1 975 55 June 26 3.2 96.8 
(Ds oe og oe oe ae En eee Fic cee acy hee | bomen as Oe, RON es Vol WW sgbaeece 100 
A DYoN 2 | ese ca oe a oes | [a TOONS, 5 eens 5 elie ees eS Sw a eee eC 9S ieee eee | ea ie 
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The second column in each table gives the age in days. Thisis | 


calculated from the time the larve left the brood chamber. The 
sixth column gives the date upon which the specimens emerged. 
There are added to Table XIX two columns of data to show the 

percentages of larve in the first instar and second instar at different 
ages. An examination of these columns will show that 50 per cent 
of the larve had, passed from the first to the second instar upon the 
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Fic. 8.—Growth curves for the first instar of the terrapin scale. (Original.) 
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eighteenth day, and that all had left the first instar by the twenty- 
fourth day. Eighteen days is the normal time spent in the first 
instar by larve during favorable seasons. Figure 8 shows the deflec- 
tion of the growth curve for larve in the first instar which resulted 
from the late emergence during the unfavorable season of 1912, as 
compared with the curve for the favorable season of 1913. These 
curves are derived from the data in Tables XVIII and XIX. The 
curves are similar, but the broken curve shows clearly the effect of 
unfavorable weather in 1912 at both the beginning and ‘the end of 
the instar. 


THE TERRAPIN SCALE. OAL 
LENGTH OF THE Frrst INSTAR. 


The earliest molts were upon the sixteenth day and were observed 
during the very favorable weather of June and July, 1913. Eighteen 
days is the average length of the first instar at Mont Alto during fav- 
orable years, as shown in Table XVIII, columns 7 and 8. This time 
may be nearly doubled by unfavorable weather. Honeydew is ex- 
- ereted during this instar, but in very small quantities, and is of no 
economic importance. 


DISPERSAL OF FirstT-INSTAR LARV® BY LEAVES. 


It is probable that this species is dispersed to some extent by the 
transportation of larvee upon wind-borne leaves during storms. An 
experiment performed July 22, 1913, showed that first-instar larvee 
can loosen from slowly drying leaves and that they can move about 
and reattach to living foliage, so that if infested leaves should lodge 
in adjacent trees the latter would undoubtedly become infested. 


SEXUAL DIMORPHISM IN THE Frrst INSTAR. 


There are no noticeable indications of sex during this instar, 
except in the anal ring. It is possible in some cases to distinguish 
the females from the males after the fifteenth day by their increased 
width. At this time the length of the females is usually less than 
twice their width, while the length of the males is usually greater — 
than twice their width. 

Nearly all specimens are distorted by crowding, or by contact with 
the veins of the host (fig. 5), so that this variation in the ratio of 
length to width can not be depended upon for distinguishing the sexes. 
By dissection, however, they can be distinguished. The anal ring 
of the male consists of only six setz, while the anal ring of the female 


consists of eight. 
Tue First Mott. 


There is no change of position at the first molt. The skin splits 
along the back and is worked downward and backward underneath 
the body. The last portion to loosen is that about the anal plates. 
The major apical setz disappear at this molt; hence the absence of 
these is positive evidence that the first molt has passed. 

The larve stop growing one day before molting and become more 
opaque. The time required to make this molt is from 5 to 30 min- 
utes, depending upon the weather conditions and the vigor of the 
larve.. The molt is usually made in the early morning. 

Observations made upon 5,000 larve approximately one-half of | 
which emerged from June 24 to August 9, 1912, and the others from 
June 24 to July 1, 1913, show that this molt may take place as early 
as the sixteenth day and as late as the twenty-sixth day. The aver- 
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age age for this molt in 1912 was 20 days, but this period is longer — 
than in favorable years. During the favorable season of 1913 a few - 


specimens from the rearing of July 1 made this molt on the sixteenth 
day, but the largest daily, molts were from the eighteenth to the 
twenty-second day, with the maximum molt upon the eighteenth day. 
It is, however, very frequently delayed. Table XX gives details of 
the first molt as shown by three rearings in 1913 and by data ob- 
tained in orchards in 1912. It will be noticed that in all cases molt- 
ing started either upon the sixteenth or seventeenth day and that it 
terminated in all cases by the twenty-sixth day. The 1913 rearings 
all had favorable weather and would undoubtedly ali have given 
their maximum daily molts upon the eighteenth day had it not been 
for a local storm on that date which retarded the natural emergence 
for the rearings of June 24 and June 26. 


TaBLE XX.—Details of the first molt of the terrapin scale from 3 rearings in 1913 and 
from orchard data of 1912. 


Ago at | Per cent molted at various days specified. Age at 
star maxi- 
Date larve ing of Fair 
eereae first | i7th. | isth. | 19th. | 20th. | 2ist. | 224. | 26th. | daily 
molt. oT : a : ‘ : * | molt. 
Days. Days. 
July 1,1913...| 16 20 52 SOG Ei. cle oe rer 100%) ee 18 
June 24, 1913- 16 7 dia (APC SEAS aA Sanat | 40 85 100 22 
June 26, 1913. 16 5 20 60 90 | 91 100) pieces 19 
Orchard lar- | 
Vice LOIS eee dy fea res Ge ees sega edec bs los caeves [Pama wees 20 


1 Blanks represent days upon which no data were taken. It wasimpossible to determine, under orchard 
conditions, the percentage of the total infestation that molted at definite ages. 


LEAF-ATTACHED LARV4i, SECOND INSTAR. 


The second instar lasts in favorable weather for 18 days and 
usually extends from the eighteenth to the thirty-sixth day. In the 
orchards about Mont Alto specimens can be taken in this instar at 
almost any time after the middle of July. The imstar is at its maxi- 
mum from July 20 to August 5. This stage of development is char- 
acterized by sexual differentiation, which begins very early in the 
instar. The female larve continue to widen and tend to become 
circular in outline, while the males lengthen and tend to become oval. 

The male secretes during this instar the characteristic puparium. 
This is a waxy scale which forms over the dorsal surface. It is roof- 
like and is held in place by elastic strands which extend from points 
upon its edges to the surface of the leaf. (Pl. II, a, e, p. 52.) It 
can be recognized as early as the seventh day, but it does not reach 
its full development until the next to the last day of the instar, at 
which time growth ceases and the larva shrinks, preparatory to 
making the second molt. 
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DEVELOPMENT OF THE FEMALE. 


FEMALE LARVA, SECOND INSTAR. 


During the second instar the females increase in length from an 
average of 1 mm. to an average of 1.6 mm., and in width from an 
average of 0.525 mm. to 1 mm., but there is very little increase in 
height. 

Table XXI shows the average measurements of 268 females taken 
‘at frequent intervals durmg this instar. These females emerged 
from June 20 to 26, 1913; that is, during the height of the emergence 
period. 


TaBLE X XI.— Measurements of 268 female terrapin-scale larvx of specified ages during 
the second instar, Mont Alto, Pa., 1913. 


Average 
N No. of fen a A h D i 
Oo. 0.0 ‘ime o ge when) Days in 
Emerged.| speci- | entering} meas- second Average pune 
mens. the sec- ured. instar. lengt pus 
ond 
instar. 
é 1913 Days Days Mm Mm. 

le casas os eee See June 26 20 1 1.054 0.558 
See pon ee re a ee md OS coe 39 19 21 2 1.076 - 590 
Sy Es Shela? Se se ate ea eee a eee June 24 17 21 22 1 1.063 55 
1 is er en a Ae aes ta ee June 26 30 19 23 4 1.114 638 
5 aes Se eee eee ne aE pape OOS Be 21 19 24 5 1. 257 676 
52 JekS ee eee Se ee eg June 24 19. 22 26 4 1.431 775 
1 mo ie BESS SESE A ee nee Orne 16 22 27 5 1.380 776 
SS eae eae ot i ee eee dos =. 7 22 30 8 1.471 892 
0) 2 Bi See eee ee eae June 21 17 22 30 8 1.395 713 
TO. 252 NE 2a ES oe ee June 20 21 22 31 9 1.504 835 
Uh ces SEE Se eerie June 26 16 19 32 13 1.506 937 
TG ee RS ER a ae a ecient es June 24 20 22 33 11 1.587 978 
1D J 6ace Ree soe eee eae do z 11 22 34 12 1.575 1.012 
TES Se ee AS eee ers eee ee On do - 14 22 36 14 1. 483 966 
Rober yes yee | he | OLR ad gee ma alcl ac pu a ee esos len ange BAs, eee Bee 


The rate of growth is very uniform throughout the second instar, 
but there is a variation in size among specimens of the same age. 
This is instanced in lines 8 and 9. Such variations are common and 
are usually the result of weather conditions or of low vitality in the 
host. In this instar there is very little growth in height, the aver- 
age height at the end of the instar being about 0.11 mm. There is 
no change in color. The excretion of honeydew is moderate and is 
unimportant. The female has but slight ability to change position 
and seldom moves from one position to another upon the leaf. 
Larve from withering leaves, when placed upon fresh ones, mostly 
fail to make a satisfactory attachment. 

In an experiment, twigs, the leaves of which were infested with 
second-instar larve, were placed in water. The larve soon loosened 
and migrated to the twigs. The advanced specimens made the sec- 
ond molt prematurely and migrated in the third instar; the young 
specimens, even those less than half the normal size, migrated also, 
but without molting. Some of the smaller specimens would un- 
doubtedly have reattached to fresh leaf tissue had there been any 
on the twigs. The others attached in the normal manner to twigs. 
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Table XXII shows the time spent in the second instar by larve at | 


~~ Mont Alto. The orchard data are derived from the maximum daily 


emergence and the maximum daily molts. These data show for 
the season of 1912 a variation in the length of the instar from 16 to 
36 days. Most of the specimens in the orchard, from July 20 to 
August 5, spent 20 days in the instar, while in the rearing of July 22 
two-thirds of the larvee completed the instar in 18 days. 


TaBLeE XXII.—Data showing the length of the second instar of the terrapin scale from 4 
rearings of larve at Mont Alto, Pa. 


ol inning . Length 

Year. Brood. Piers | Bony yee End of second instar pF He 

| 
a Saas evenaeceecee PR es fpr cre  0 e  e  e 
Days 
1912....| Rearing A....| July 22 | Twentieth day..... First specimen, thirty-sixth day ......:. 

Maximum number, ney ee ony 18 
Last specimen, forty-ninth day.....-.... 29 
Rearing B....| Aug. 9 | Twentieth day....| First specimen, thirty-sixth day- ence See 16 
Maximum number, thirty-eighth day - - 18 
Last specimen, fifty “sixth day:.../22...2 36 
1913....| Rearing A....| June 24 | Twenty - second | First specimen, thirty-fifth day......... 13 
day. Maximum number, thirty-ninth day... 17 
Last specimen, fifty-third ayia ee 31 
Rearing B....| June 26 | Nineteenth day...| First specimen, thirty-third day........ 14 
Maximum number, thirty-seventh day. 18 

Last specimen, thirty -ninth day......... 2 


In 1913 the maximum daily orchard emergence was two days earlier 
than in 1912. The first instar required 18 days as against 20 days 
for the previous year. However, when the age at the end of the 
second instar is considered, it appears that in both seasons the maxi- 
mum numbers completed the instar upon the fortieth day. 

The larve used in Table XXII were placed upon 1-year-old peach 
trees. For the date of entering the instar is given the day upon 
which the maximum number entered it, and the date of leaving the 
instar is given for the first specimen, or the last specimen, and for 
the maximum daily number. 

The table shows that the second instar may last from 13 to 36 days 
and that the maximum number of specimens remain in it from 17 to 
18 days; the greatest number molting upon the eighteenth day. 


SEcOoND MOLT oF THE FEMALE. 


The second molt of the female coincides with that of the male and 
is little more than the casting of the skin in response to growth. 
There is no change in the structure of the appendages or of the mouth 
parts. 

In 1912 the second molt for a rearing of 213 females that emerged 
July 22 extended over a period of 10 days. The maximum daily molt 
was upon the thirty-eighth day after emergence, and 50 per cent 
had molted by thefortieth day. Arearing of 100females that emerged 
upon August 9, 1912, made its maximum molt upon the thirty-eighth 
day after emergence. One-half of the rearing molted upon that day. 
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In the orchards at Mont Alto, Pa., in 1912, the maximum molt was 
upon the fortieth day. In all the rearings there was a very short 
interval between the first molt and the maximum daily molt. This 
interval varied from 2 to 5 days, with 3 days as the normal time. 

In 1913 observations were made upon two rearings, one of which 
emerged June 24. This rearing of 174 females made its maximum 
daily molt upon the thirty-ninth day. Reference to Table XXII 
will show that the first molt for this rearmg was made upon the 
twenty-second day. It was slightly delayed by a storm, but the 
larvee reached the maximum of the second molt on the thirty-ninth 
day; that is, 1 day ahead of the average time for the orchard larve. 


TasLe XXIII.—<Age of the terrapin scale at the second molt as determined from the maxi- 
mum daily molt. 


Age at the 
Year. Material. Sumber of maximum | Weather conditions. 
P -| daily molt. 
ce | 
Days. 
Lote rOodtOtilyso2 see ene eee ee 213 38 | Unfavorable. | 
IBTOOULOMAUIS= Gea es ee eS 100 38 Do. 
IEYROGG! OE CRS MERON A ees Ree sone seme 1 AGDR Eee 37 Do. 
Average for the year.................- gas (re eae | aie 
1Oigasse|o rood or Jume 247 22 .2- 2. = - Sete SE ay ae 174 39 | Favorable. 
rOOGtOR MUNG: 26 3e22 see = ee ee es | 69 37 Do. 
Brood GROKCHARG: Yes: tones 2 eos eile. | 190 | 36 Do. 
Average for the year. ---- a Rie ee ene ae [ees oes | 37.3 


: 1 These data refer to larve reared upon isolated twigs at Mont Alto, Pa., and not to the entire orchard 
rood. 


The foregoing data show that the averages for the two years differ 
by only two-tenths of a day. Some of the individuals, however, 
departed 4 or 5 days from this average, while in 1912 some specimens 
made the molt as late as the forty-second day and in 1913 some made 
it as early as the thirty-second day. 


LEAF PHASE OF THE THIRD INSTAR. 


After molting to the third instar the females remain motionless on 
the underside of the leaf for a period of 1 day while they secrete a 
very thin dorsal scale which protects them during migration to the 
twigs. faa 

The individuals vary in size in the same season, and there is a 
slight variation in the average size from year to year. The measure- 
ments from 11 specimens showed a minimum length of 1.387 mm. 
and a minimum width of 0.862 mm.; a maximum length of 1.65 mm. 
and a maximum width of 1.074 mm.; an average length of 1.545 mm. 
and an average width of 0.995 mm. The average length in 1912 was 
1.465 mm. and the average width 0.974 mm. In 1913 the average 
length was 1.64 mm. and the average width 1.02 mm., showing an 
increase in size for the latter year of 0.175 mm. in length and 0.046 
mm. in width. 
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MIGRATION TO THE TWIGS. 


The twigward migration of the females starts about the 1st of 
August and reaches its maximum before the middle of the month, after 
which it continues in a small way until the leaves fall. In the 
vicinity of Mont Alto, Pa., from 80 to 90 per cent migrate between 
August 8 and August 20. (PI. I, fig. 4.) 

Table XXIV gives data from observations made upon 1,494 
migrating females during 1912 at Mont Alto, Pa. The observations 
in Part I were made upon larve that settled naturally upon orchard 
trees. The material considered was isolated with tree tanglefoot 
August 1 and the females as they migrated were removed and counted 
at two-day intervals. The age at which these particular larve 
migrated is not definitely known, but was about 40 days. The rear- 
ing of July 22 (Part IL) migrated from the thirty-ninth to the fiftieth 
day after emergence, and made its maximum daily migration August 
30, which was the thirty-ninth day. The rearing of August 9 (Part 
Ili) migrated from the thirty-first to the fifty-seventh days and 
made its maximum daily migration upon September 15, which was 
the thirty-seventh day. It is evident from a comparison with figure 
11 that the maximum in Part III was retarded. A cold wave, 
which started September 7, retarded the maximum daily HgTe 
causing it to be nearly a week after the start. 


TABLE XXIV.—The time of the twigward migration of 1,483 female larvx of the terrapin 
scale, Mont Alto, Pa., 1912. 


Twigward migra- Twigward migra- 
tion. tion. 
. Num- : Num- 
Material SSS Material 
Part. ber of iat ber of 
observed. noe ae observed. eyaras a 
Date ber mi- Date ber mi 
grated grated 
aes Orchard larve, 976 | Aug. 12 0 ||III..-] Rearing of Aug- 294 | Sept. 8 20 
Mont Alto, 14 283 ust 9. 9 2 
Pa. 16 176 10 ry 
18 202 il 13 
20 120 12 24 
22 65 13 23 
24 33 || 14 18 
26 32 15 65 
28 24 16 20 
30 13 || : i17/ 18 
Sept. 1 10 || 18 20 
3 12 || 19 11 
5 6 20 24 
II....| Rearing of July 213 | Aug. 30 61 21 5 
DY. 31 19 || 22 10 
Sept. 1 6 | 23 5 
2 50 |) 24 8 
3 20 25 9 
4 17 |) 26 3 
5) 14 || 27 3 
| 6 10 || 28 1 
| 7 anil 29 0 
8 4 || 30 ! 0 
9 3 || Oct. 1 1 
10 2 || 2 0 
11 0 || 3 0 
12 0 || 4 0 
5 6 
otalat:.2<}ocene ee ere sae 1, 483 


iss 
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The orchard larve considered in Table XXIV, Part I, had very 
favorable weather during their twigward migration. The relation 
of this migration to the prevailing temperature is shown graphically 
in figure 9. The migration curve shows the shortness of the interval 


between the start of migration and its maximum. 


The migration started on August 13 and was 50 per cent complete 
upon August 17. Thus, one-half of the migration was made during 
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Fig. 9.—Curve of the twigward migration of the terrapin scale for the orchard larvee of 1912. (Original.) 


the first four days of the period. This curve is typical for the 
migration in favorable seasons. 

The larve considered in Table XXIV, Part II, encountered very 
unfavorable weather during the period of migration. Cold inter- 
fered at the beginning, and rain continued throughout most of the 
period. The effects of these conditions are shown graphically in 
figure 10. The solid curve represents a normal migration, the dotted 
curve the migration under prevailing conditions, This graph 
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also includes the data for rainy and clear days. August 28 was 
clear and favorable and the following day was rainy. August 30 
was clear, and migration started. August 31 to September 2 was 
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Fic. 10.—Curve of the twigward migration of the terrapin scale for a rearing that emerged July 22, 1912. 
(Original.) 

rainy, but on the last of these days it was clear and hot in the after- 

noon, thus permitting a heavy migration. The remainder of the 

period was clear, except for slight rains upon September 3 and 7, 
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During the migration of the rearing of July 22 the maximum daily 
temperature rose gradually from 73° F. on August 28 to 85° F. upon 
September 1, after which it fell to 74° F. upon September 3, and 
then rose abruptly to 90° F. upon September 6. It then dropped 
to 67° F. upon September 12. The average daily temperature 
remained nearly constant at 66° F. from August 28 to August 31, 
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Fig. 11.—Curve of the twigward eee of the terrapin scale for a rearing that emerged August 9, 1912. 
( Original.) 


when it rose abruptly to 73° F. upon September 1. During Sep- 
tember 2 and 3 it made a gradual drop to 68° F., and then rose in a 
gradual way to 80° F. upon September 6. This was followed by a 
sradual drop to 54° F. upon September 12. This rearing gave its 
maximum daily migration when 39 days old and its 50 per cent of 
migration four days later. 

The larve considered in Part III of Table XXIV were a late rearing. 
~ They had favorable weather to near the end of the second instar, 
but very unfavorable weather during the twigward migration. The 


36 BULLETIN 351, U. S. DEPARTMENT OF AGRICULTURE. 


relation of the temperature to the migration of this rearing is shown 
in figure 11. 

This migration extended from September 8 to October 5, 1912, 
under unfavorable temperature conditions. There was a drop in 
the average daily temperature from 71° F. on the first day of migra- 
tion to 56° F. on the sixth day (September 13). This was followed 
by a favorable day, when the average temperature rose to 69° F., 
after which it dropped gradually to 40° F. at the end of September. 
There was a rainstorm of three days’ duration, September 23, 24, 
and 25, but it came too late to modify the rate of migration to any 
extent. Under these conditions 95 per cent of the rearing had 
migrated by the end of the tenth day of migration, or by the fortieth 
day after emerging. The maximum daily migration was made by 
this rearing upon the seventh day after the start of migration; that 
is, upon the thirty-seventh day after emerging. A comparison of 
the curves, figures 9 to 11, shows that the curve for, optimum con- 
ditions (fig. 9) tends to have a perpendicular ascending slope and 
a very steep receding slope, and that unfavorable conditions tend 
to flatten the curve and to cause serrations in the slopes. 


TIME REQUIRED FOR MIGRATION. 


The migration is made during the hottest part of the day. Usually 
very few migrating specimens can be taken until after 12.30 p. m., 
because of the low morning temperatures. The larve start upon this 
migration when the temperature reaches 70° F. By 1.30 p. m. 
larve are usually moving in great numbers upon the twigs. By 3 
p. m. nearly all migrants have selected their locations and perma- 
nently established themselves. 


LONGEVITY OF MIGRANTS. 


In case the twigward migrants are prevented from attaching, they 
can live for 2 days, and a small percentage even for 3 days before 
dying. : 

The following experiment was made to determine the longevity of 
a twigward migrant when prevented from attaching. A quantity of 
material was kept under observation from August 30, 1913, until one 
of the larvee was observed to start upon its migration. This speci- 
men was then placed upon wrapping paper for observation. The 
details of these observations are shown in Table XXY. | 
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TABLE XXV.—Rate per hour and distance traveled by a migrating larva of the terrapin 
scale upon wrapping paper during the total time of the twigward migration, Mont 
Alio-Pa., 1912: 


LARVA NO. 1. 


Rate per | Tempera- 


Observed— . | Interval. | Distance. nou ra 
Min Cm. cm Sort 

Mo 4S [Do Wis Kcoe gd boeacsee oc ededcessucesoubadecallascooge dose c|laccsoassaoba|lscdcaconcaee 70 
NGS ey TU Se ee es es rire ae oi eee 30 30.6 61.2 84 
SSO WsiiNacsc ave cessawabesee Soke eee 15 27.8 111.2 88 
Gb TO) TINE 5 Greece ea he cal Sn 30 62 124 90 
ANTE LO ALB Og ike Reet Ste Oy et ea ee 30 61.5 123 80 
G1eZ GY 0s LOD Soa ore olan ae Sm Oe Senter 15 16.2 64.8 78 
GST O)n ad cy Ges Sa A alee ers ae ne oe 15 15.4 61.6 77 
STB TO) 5 fon epee assy mshi eck eect ie cea 15 9.1 36.4 76 
BUDS Lae Se ee Sere ae oe a ea ee 45 9.3 12.4 72 

NOU) levee Mises Ge Ste Rhys cae ea ne een 3h.15m DSTO Us ae ataeia tes | (sere lataveters sists 
WOO s Uo cotecc Sa ace ae ar RS ee ee eee Dee reese NER ae ACSA a ee 70 
el) Deel lermsarr ete eM Re Sodas CEES ail aS 45 8 10.6 86 
3) (05 Til swore Ue secede s Sone eee gaa 15 1.7 6.8 88 
EOP MRS uti A ee ce, oo 45 17.3 23.06 82 
LED TO5 O00 atid Se es es ea three pee ec ee eae 15 3.2 12.8 78 

Oi Retabee ee ee ee SBE Sos Se cae Ue 90 8.6 5.7 U 
GESOND eM eres iia Scie oo SSA aon ete 30 2.0 5.4 72 

FO bel lpr ee mee cae ie Ne ee 4h AOSD cle Sale ee |B te separ 

Si) Gy indo 5a 6 Sasa vO DAS eRe BOSS Sante Sa nes Spe teen S56 NAG ace eee eee Se ese = ul 
ORDO aT rey eee cele ee esa sues 2S 35 3.6 6.17 72 
SUGUo: YOR Gh Tasca eo ots See es alee ees ee eee 10 4 2.4 80 
I). 100 Saene Gs SSeS SE Ea ees Seer reas eee 30 7.9 15.8 86 
TIENTS ore 5 es Rn See ee Wes ene es ae ae 60 25.1 Zoe 88 
WAAC os See ie ey A Pe gs ei a ee aaa 60 WAI 12.1 84 
ANOS Hel les is SE ge a re ee 3h.15m AQT ps | Ae eee Sa | Paeees s ern ee 


Migration, first day: Migration started at 2.45 p.m., and continued until6 p.m., when 
it stopped. The larva remained motionless all night. During the time of migration, 
which was 3} hours, the larva traveled 231.9cm. It traveled at a rate of 124 cm. per 
hour from 3.30 p. m. to 4 p. m., with a rate of 123 cm. per hour from 4 to 4.30 p. m. 
The rate then fell off rapidly after 4.30, being 36.4 cm. per hour for the interval from 
5 to 0.15 p. m., and only 12. 4cm. per hour for the interval from 5.15 p.m. to6 p.m. 
The temperature during this migration rose gradually from 70° F. at 2.45 p. m. to 
90° F. at 4p. m., and then fell to 72° F.at6 p.m. The highest rate of travel therefore 
coincided closely with the time of highest temperature. 

Migration, second day: The larva remained motionless from 6 p.m., August 30, until 
2.30 p.m., August 31, when it again started to migrate and continued until 6.30 p. m., 
an interval of 4 hours, during which it showed signs of exhaustion and traveled only 
41.5cm. Therate per hour gradually increased from the start until it reached a maxi- 
mum of 23.06 cm. per hour for the period 3.30 p. m. to 4.15 p. m., after which it dropped 
to 12.8 cm. per hour during the next interval and then to 5.4 cm. per hour for the last 
interval. The temperature during thus second day’s migration was slightly lower than 
on the previous day. The temperature at the resumption of migration, 2.30 p. m., 
was 70° F., from which it rose rapidly to a maximum of 88° F. at 3.30 p. m., and then 
dropped gradually to 72° F. at 6.30 p. m. 

Migration, third day: The third day was very warm. The larva had remained 
motionless from 6.30 p. m., August 31, to 8.45 a. m. of the following day, at which 
time it resumed migration and continued until 12 noon, when it died, after traveling 
for 3+ hours, during which time itadvanced 49.1 cm. The rate of travel, which was 
very low, reached its maximum of 25.1 cm. per hour in the interval ending at 11 a. m., 
after which it dropped to 12.1 cm. per hour for the interval between 11 a. m. and 12 

noon. The temperature during the third day was very favorable. It reached 70° F. 
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at 8.45 a. m., at which time the larva resumed its migration. At 9.30a. m. the temper- 
ature was 80° F., at 10 a. m. 86° F., and at 11 a.m. 88° F., from which hour it dropped 
to 84° F. at noon, when the experiment was terminated by the death of the larva. 


Ordinarily larve start migrating when the temperature reaches 
70° F., and the rate of travel increases in nearly the same ratio as the 


increase in temperature above 70° F. Larvee, if unattached, become 
motionless when the temperature falls below 72° F. The female 


Fig. 12.—Tracing of the totaltwigward migration ofa female larva ofthe terrapinscale. Reduced 8 times. 
Total distance traveled, 322.5cm. (Original.) 


under observation started migration August 30 at 2.40 p. m., and 
died September 1 at 12 noon, having lived 2 hours and 40 minutes 
less than 3 days, and having traveled over smooth paper a distance 
of 322.5cem. (104 feet). (Fig.12.) This was undoubtedly farther than 
the average specimen is able to travel upon its host plant. There is 
therefore very little chance of the larve crawling to adjacent trees unless 
the limbs are vn contact. 

A second female larva (Table XXV), captured August 26, during 
the first day of migration, was placed upon wrapping paper at 2.25 
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average rate per hour of 74.84 em. (Fig. 13.) 


39 


p.m. This larva traveled 192 cm. in 2 hours and 35 minutes at an 


Fig. 13.—Tracing of a female larva of the terrapin scale for 2 hours and 35 minutes during 
the first day of the twigward migration. Distance traveled, 192 cm. 


( Original.) 


TaBLE XXVI.—Rate per hour and distance traveled by two migrating larvxe of the 
terrapin scale on wrapping paper. 


Larva number. 
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Bex 5 HGS SCS ROSEO GS Ae BO IE EE POO Oe 
SIU ere ee ee Sie Bose eee EN So 
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Total 
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nis mes Saas Rate per 
Observed—| Interval. Distance. Hoar! 
Min. Cm Cm. 
PEP AST OF iO ts al Seay) ae eS Oe eee Se 
2.47 p. m.. 22 58 158. 88 
3.40 p. m.. 53 57 64.23 
Acyl eee 20 31.6 94.8 
4.45 p.m... 2520 25.7 34. 26 
Wp Ieee 15 21 84.00 
Re Ree aes 2hrs.35m. 192 74. 84 
TOTEM a a Teac pO at ee ee mee | Pe ee a 
11.30 a. m. 30 53.5 191.5 
12 noon... 30 45 90. 
12.30 p. m. 30 48.1 96.2 
ie pe meee 30 37.5 75 
2 hrs 184.1 92.05 
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A third larva, Table XXVI, taken September 1, 1912, at 11 a. m., 
while in the first day of migration, gave a maximum rate per hour 
of 101 cm., at 88° F., and an average rate for 2 hours of 92.05 cm. 
(Fig. 14.) 

The rate of migration depends both upon the temperature above 
70° F. and upon the length of time that has elapsed since the migra- 
tion started. 

It is very exceptional for specimens to require more than one day 
for the twigward migration. More than 96 per cent of the females 


END 
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Fig. 14.—Tracing of a female larva of the terrapin scale for the first two 
hours of the twigward migration. Reduced 8 times. Total distance, 
184.1cm. (Original.) 


complete this migration during the first 4 hours. Females may 
occasionally shift to a more favorable position during the second 
and third days’ sojourn upon the twigs, but after this they remain 
in one place. 

During the day preceding the twigward migration the female larvee 
secrete a thin scale which covers the dorsal surface and gives rigidity 
to the flat, leaf-shaped body. The larve in migrating pass down the 
petiole and move along the twigs toward the region of greatest illu- 


ay 
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mination. They finally reach the tips of the twigs, where they locate 
by preference upon the basal part of the young growth. Many, how- 


ever, locate upon 1-year-old wood, and a few upon the 2-year-old 


wood. Other parts of the tree are very seldom infested. The larve 
settle by preference upon the underside of horizontal limbs and upon 
the unshaded side of vertical branches. There is a tendency for 
them to group themselves in rows upon the illuminated sides of the 
twigs. The individual scales within these rows are not necessarily 
in alignment, either with their neighbors or with the axis of the twig. 
This linear arrangement results solely from their instinctive desire to 
locate in the area of greatest illumination, which, from the nature of 
the twigs upon which they locate, is always many times longer than 
wide. During migration the mortality is very low. | 

The females are very flat and have the pale yellow color of the pre- 
ceding stages. This color appears rather hghter than in the second 
instar, due, no doubt, to the effect of the nearly transparent dorsal 
scale. The only colored portions at this time are the brown eye- 
spots and the chitinized anal plates. | 

Specimens measured in 1912 and in 1913 were from 1.23 to 1.57 
mm. in length and from 0.65 to 1.12 mm. in width, the average 


height being about 0.1mm. The average size for both seasons was, 


length 1.47-mm., width 0.98 mm. 
Tue FEMALE Upon THE Twic: DEVELOPMENT DURING THE First 20 Days. 


After attaching to the twigs the young females begin a period of 
rapid growth. A small red blotch, which appears over the oral region 
either during the migration or immediately after it, begins at once to 
enlarge and to form itself into a narrow band of a reddish-brown color 
which extends backward along the middorsal line until by the sixth 
day it reaches the anal plates. (Fig. 15, a.) Meanwhile the dorsum 
changes from a flat to a mildly arched surface and the larva increases 
from about 1.54 to 1.65 mm. in length and in width from 1.03 to 1.29 
mm. When the dorsal band reaches the anal plates it forks. Each 
fork when developed equals the original band in width and is slightly 
longer than wide. These forks start about the sixth day and are 
about one-half completed by the eighth day. From the sixth to the 
tenth day there is a very decided arching of the dorsum. Growth is 
ereatest just in front. of the anal plates, and the elongation of the 


_ dorsum at this place first constricts and then breaks the dorsal band, 


leaving a short piece of it attached to the forked portion that is form- 
ing about the anal plates. (Fig. 15, 6.) Later the anterior piece is 
displaced forward and shrinks until it becomes inconspicuous just 


above the oral region. About the eleventh day after migrating, the 


forks of the dorsal band are completed. This band is a secondary 
sexual character, which, after copulation, fades and blends with the 
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reddish-brown ground color. The rent between the two parts re- 
mains unpigmented and shows in mature specimens as the charac- 
teristic dorsal stripe. (Pl. I, fig. 5, 6, p. 8, and text fig. 15, d.) 

Up to and including the eighth day the general aspect is strictly 
larval, except for the slight arching of the dorsum and for the dorsal 


<a 


Fig. 15.—Diagrammatic representation of the color and markings of the female terrapin scale: a, Larva, 
seventh day upon the twig; b, larva, eleventh day upon the twig; c, larva, fifteenth day upon the 
twig; d, larva, twentieth day upon the twig and after; db, dorsal band; adb, anterior segment of dorsal 
band; pdb, posterior segment of dorsal band; fpz, first pigment zone; spz, second pigment zone; ads, 
adult dorsal stripe; uz, unpigmented zone. (Original.) 


band. At the ninth day the female is about equally adult and larval 
in appearance. At this time the pale yellow body color of the larva 
begins to turn to a reddish amber and the characteristic crimps at the 
margin of the derm (fig. 15, 6) begin to appear. In the depressions 
formed by the crimping, a brownish pigment develops and marks 
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them in sharp contrast with the narrow ridges of the crimps. These 
pigmented depressions blending form the first pigment zone or mar- 
ginal pigmentation. (Fig. 15, fpz.) By the fourteenth day the female 
has become decidedly adult, both in shape and color. The first pig- 
ment zone now reaches completely around the dorsum and extends 
upward as far as the anal plates; the dorsal band has blended with 
the reddish-brown ground color, and asecond zone of pigmentation 
hasformed about the rentin the original dorsal band, thus transforming 
it into the permanent reddish-brown stripe which is so characteristic 
of the mature female. (Fig. 15, ads.) The second zone of pigment is 
composed of dark-brown granules similar to those in the marginal 
region. It surrounds the amber-colored gap in the original dorsal 
band and extends downward and outward nearly to the marginal 
zone, from which it is separated by an irregular unpigmented zone 
(fig. 15, wz) which hes parallel to the edge of the dorsum at about the 
height of the anal plates. By the twentieth day the female has 
assumed both the characteristic shape and color of the adult, but the 
general color is not so bright as in the case of older specimens. After 
the twentieth day there is no change in the color pattern. The pig- 
mentation, however, deepens and the insect continues to grow, but 
at a decreasing rate, until it hibernates. 

The data in Table X XVII show in detail the development of the 
female up to and including the fifteenth day after attaching to the 
twig. A very rapid growth is also shown during this period. The 
ground color changes from light yellow to reddish brown; the dorsal 
band develops and breaks and the adult pigmentation starts. 

To obtain more extended observations upon the twig-attached 
females, 100 larve were taken August 15, 1913, while making the 
twigward migration, and placed upon a vigorous potted peach tree. 
This tree was kept under orchard conditions and such of the speci- 
mens as had accessible locations were numbered and observed from 
time to time through a Zeiss binocular. These observations were 
continued to the sixty-seventh day after migrating. Data from 
_ these specimens are given in Table XXVIII; they supplement Table 
XXVII. 
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THE TERRAPIN SCALE, 47 
THe FemMAte Upon THE Twic: Rate or GROWTH. 


To determine the relative rate of growth of females after attaching 
to the twigs Table X XIX was compiled from the data obtained in 
1913. This shows an increase from attachment on the twigs to the 
sixty-seventh day of 500 per cent in height and a pronounced increase 
in length and width. It is evident from this table that nearly all the 
growth takes place during the first 19 days. 


Taste XXIX.—Size of twig-attached females of the terrapin scale after the specified days 
upon the twigs, Mont Alto, Pa., 1913. 


Number F 
P : Period Average Average Average 
Date. ee on twig. length. width. height. 
Days. Mm. Min. Mm. 

PNB, 1b os 10 (1) 1. 542 1.03 0. 125 
JNU ese 3 1 1. 600 it O58)es| Bee eeene ores 
Aug. 8. - 3 2 1.65 es VA | Be ee See 

Aug. 19- 10 4 1.649 1. 297 208 
Aug. 20. 10 5 1.619 L226 liek coors 
Aug. 23- 13 8 1. 686 1a U7 ea Fer eee 
Aug. 26 4 11 1. 762 Lee Dyes |e ences eee 
Aug. 29 8 14 1. 887 3S Urey | ears 

Sept. 3 13 19 1.996 1. 592 615 

Oct. 21 16 67 2. 057 1. 680 625 


1 Just attached. 


THe FEMALE UpPon THE Twic: MOVEMENT AFTER ATTACHING TO THE TWIGS. 


It is very doubtful whether the females ever reattach after the first 
week’s sojourn upon the twigs. During the first few days specimens 
have been observed to move, but whether or not the proboscis had 
been inserted into the host is unknown. Efforts were made to deter- 
mine this, but no data were obtained. However, observations made 
upon specimens attached to slowly drying twigs indicate that they do 
not change position after the eleventh day. 


THe DERM. 


With the arching of the dorsum during the first week the flat wax 
scale which protected the female larva during the migration from 
leaf to twig scales off; meanwhile the exposed surface thickens and 
hardens until by the end of the week it is so rigid that it responds to 
the growth changes by crimping. This hardening and thickening of 
the dorsum which produces the hard shell-like derm is completed by 
the twenty-fifth day. The excretion of wax, however, - continues 
and wax flakes can be found attached to the derm up to the time of 
death. 


HONEYDEW. 


The attachment of the females to the twigs marks the beginning 
of the maximum period of honeydew deposit. If it were not for the 
deposit at this time the honeydew would be of very little economic 
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importance. This period of excretion extends to the time of hiber- 
nation, but practically all the honeydew is deposited during the first 
25 days. : 

The anal apparatus is specially adapted to the excretion of honey- 
dew. The anal plates, which are situated near the posterior end. of 
the derm, are so hinged at their anterior ends that they can be both 
elevated and separated. When in this position they expose the anal 
chamber which lies just below them. This chamber is boundeil 
laterally by the body lobes and connects ventrally with the brood 
chamber, while a cloacal cavity extends forward, within which there 
is a retractile spindle-shaped rectum, at the distal extremity of which 
the anal aperture is located. It is surrounded by a fringe of eight 
filaments called the anal ring. During repose the rectum occupies 
the anterior part of the cloacal cavity, and the anal fringe, which is 
folded into a cylindrical mass, occupies the posterior part. When 
the scale is not excreting the anal cavity is empty and closed at 
the top by the lidike anal plates. Preparatory to excretion the anal. 
plates are elevated and separated; the rectum with its fringe is 
drawn backward from the cloacal cavity into the anal chamber, from 
which it is thrust through the opening between the elevated anal 
plates. Contraction of the muscular walls of the rectum causes the 
contents to ooze into the basket formed by the filaments of the anal 
ring, where it forms a bubble which is held in place upon the end of 
the rectum by the supporting filaments, much as a jewel is held in 
its setting. When the bubble is fully formed it bursts, hurling the 
liquid composing it in the form of minute drops to a distance of from 
3 to 8 inches. Cohesion between the honeydew and the filaments of 
the fringe is very slight. As a result no honeydew remains upon the 
fringe after the bursting of the bubble. The rectum is always with- 
drawn and the anal cavity closed after each expulsion. The deposit 
of honeydew from the twig-attached females becomes noticeable in 
orchards during the first week in August and rapidly increases in 
amount during the remainder of the month. At Midvale, Pa., in 
1913, the deposit was first noticed August 4. It was made by the 
few advanced females then upon the twigs. The amount excreted 
reached its maximum on August 23, after which the amount upon 
the trees remained nearly constant until the first week of September. 
The sooty fungus which develops upon this honeydew increases in 
abundance with the increased deposit, and by the end of August its 
black spores have transformed the transparent honeydew into a 
sooty paste. By the end of the first week in September the leaves, 
branches, and fruit are covered by a black film of dried honeydew 
and spores. In some cases the infestation is so severe that the soil 
under the tree is coated almost as thickly as the limbs, The deposit 
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appears at its worst upon varieties that ripen after September 1. A 
basket of sooty peaches, with two normal peaches for comparison, is 


shown in figure 16. 
HIBERNATION. 


The scales depend for protection during hibernation upon their 
protective coloration, their hard derm, and their waxy coating. 
The color, while conspicuous in detached specimens, blends so nicely 
with the color of the young twigs as to conceal them effectively. 
The hard derm protects them from birds and insect enemies, and 
the wax film protects the insect from rain, surface moisture, and 
scalecides by prevent- 
ing their passing un- 
der the scale. 


SIZE DURING HIBERNATION. 


Eulecamum nigro- 
fasciatum passes the 
winter as an impreg- 
nated female. The 
following measure- 
ments, which were ta- 
ken from fresh speci- 
mens at Mont Alto, 
Pa., February 24, 
1913, are typical for 
the hibernation 


period: Length, maxi- 
mum 2.375mm..mini-  F!¢- 16.—A basket of ‘“‘sooty’’ peaches with two clean ones for con- 
: trast. (Original.) 


mum 1.80 mm., aver- 
age 2.072 mm.; width, maximum 2.28 mm., minimum 1.79 mm., aver- 
age 2.0308 mm.; height, maximum 1.1 mm., minimum 0.725 mm., 
average 0.9084 mm. 


POSITION ON TWIGS DURING HIBERNATION. 


This species when on peach locates exclusively upon the last three 
seasons’ growth, and by far the largest number of specimens is found 
upon the earliest formed wood of the last growing season. (See 
PL EMe figs.1,2.) 

The females in 1912 continued more or less active until November 
12, and they remained dormant until April. This made the hiber- 
nating period cover about 44 months. 


MORTALITY DURING HIBERNATION. 


Practically every normal female will pass the hibernation period 
safely unless some accident happens to the host. Specimens at Mont 
20782°—Bull. 351—16——4 
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Alto, Pa., during the winter of 1912-13 passed this period with a 
mortality of less than 10 percent. At Midvale, Pa., during the winter 
of 1913-14, specimens upon poorly nourished trees had a mortality 
as high as 54 per cent. Neither birds nor other animals make a 
noticeable attack during hibernation, but there is a strong parasitic 
attack upon the young females before hibernation. This was espe- 
cially noticeable during the first week in September. 


DEVELOPMENT OF THE MALE. 


Mate Larva, SECOND INSTAR. 


In this instar the elongation of the larva and the secretion of the 
puparium undoubtedly start immediately after the first molt, but 
it is usually five or six days before they can be detected. The male 
increases, as is shown in Table XXX, from an average length of 1.03 
mm. to an average length of about 1.706 mm., and in width from an 
average of 0.421 mm. to an average of about 0:830 mm. There is 
also an appreciable increase in height. 


TABLE XXX.—Average measurements of the male terrapin scale in the second instar at 
various ages between the twenty-fifth and thirty-fourth days, at Mont Alto, Pa. 


é 
Number | x 
2 | Date - | Average | Average 
Year. | Age. of speci- Me 
| emerged. mens. | length. | width. 
Se | | | 

Days. | Mm. Mm. 
1912 | Aug. 9 25 ea eee OST 0. 468 
1902) Sd 02s 26 2 1. 218 - 421 
1913 | June 24 30 14 | 1. 628 . 830 
1912 | Aug. 9 31 t | 1.579 . 642 
1913 | June 26 32 13 | 1.661 . 809 
1913 | June 24 35 | 13 1.621 - 813 
19135 4|esdOn-ce- 34 | 8 1. 706 777 


In 1912 the instar extended to the fortieth day, but practically 
all males had shrunk in preparation for the second molt by the 
thirty-fifth day. 

The following table compares the measurements of 54 females in 
the second instar with 48 males of the same rearing, and shows that 
the females average 0.168 mm. wider and 0.111 mm. shorter than the 
males. 


TaBLE XX XI.—Comparative measurements of tale and female larvx of the terrapin scale 
during the second instar, Mont Alto, Pa. 


j = Length | Width | Number| Length | Width 
Age. ee ail uuiber f | of of of of 
Seb : males. males. | females. | females. | females. 
Seas aa eee hel me aaa ae Roe acaea ere ae oe eer 
Days. | | Mm Mm. | Mm. Mm 
30 June 24 14 1. 628 0. 830 (ee lOUn 0. 982 
32 June 26 TBs UT . 809 16 | 1. 506 937 
33 June 24 13 1. 621 | - 813 20 1. 587 . 978 
34 Poko eee 8 1.706 | elt 11 1.575 1. 012 
Total... age IL ae eres | SAS ar RS ee a 
| SAtwerapestscns s7 4 | 1.654 807 eee ee oe: © a I 
| | 
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The male larva stops growth one day before the second molt, after 
which it shrinks and tends to assume a cylindrical form. The 
amount of this shrinkage, as is shown, averages 0.16 mm. in length 
and about 0.137 mm. in width. As a result of this shrinkage the 
edges of the puparium extend beyond the larva like the eaves of a 
roof. 


TABLE XXXII.—Shrinkage of 13 male larvx of the terrapin scale during the last day of 
the second instar, 1913. 


| July 27. July 28. | Difference. 
| Mm. Mm. Mm. 
PROV CLACTON EI SG Me reat Neate soe He sai da Soha as wee see eee | De ily 2.01 0.16 
Mrerrcciwidthes eee ee eee aie ee | 1.075 . 9375 .1375 


The author’s observations indicate that both sexes make the 
second molt at the same time and that they spend the same number 
of days in the second instar. 


THE PUPARIUM. 


The puparium is a transparent protective covering under which 
the male passes the third, fourth, and part of the fifth instar. It is 
~ secreted by'dorsal wax pores during the second instar (Pl. I, a, e), 
and has the same dimensions as the full-grown larva, but owing to 
the shrinking of the larva the puparium at the end of the second 
instar is the larger. This structure is held in place by elastic bands 
which extend from points upon its edges to the leaf below. The 
largest of these is attached directly in front of the head. The orna- 
mentation of the puparium consists of 2 longitudinal lines, 3 cross- 
lines, and a spear-shaped notch, which coincide in position at the 
time of its secretion with the anal plates and anal cleft of the larva. 
The longitudinal lines extend from the anterior end of the anal notch 
in mildly diverging curves anteriorly to a termination on the lateral 
edges near the position of the eye-spots of the larva. The cross lines, 
which are broken, are located at the middle and on the anterior and 
posterior thirds. 

In this species the puparium is always placed upon the underside 
of the leaf (Pl. III, fig. 3) and never upon the twigs. In this it differs 
from Eulecanvum corn Bouché, which frequently has puparia upon 
the twigs. Twenty-four puparia taken at Mont Alto, Pa., during 1912, 
had the following sizes: Length, maximum 1.725 mm., minimum 
1.443 mm., average 1.641 mm.; width, maximum 0.825 mm., minimum 
0.54 mm., average 0.707 mm. The puparia of 1913 in the same 
orchard were slightly larger; 13, measured July 28, averaged in length 
1.706 mm. and in width 0.778 mm. 
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In 1912 the second molt was made by orchard larve from the 
thirty-eighth to the forty-third day, with its maximum upon the 
forty-first day, after emergence from the brood chamber. In 1913, 
with a more favorable season, this molt was made by orchard larve 
upon the thirty-sixth day. Since the larve entered the second instar 
upon the eighteenth day, they averaged 18 days in the second instar. 
Two rearings were made in 1913, the first from larve that emerged 
June 24 and the second from larve that emerged June 26. The 
former made their maximum daily molt for both sexes upon the 
thirty-seventh day, the latter upon the thirty-fourth day. 

When the male larva shrinks at the end of the second instar the 
larval skin retains its original shape and position (Pl. I, 6). This 
leaves the larva nearly free within. At this time a decided meta- 
morphosis begins. The original legs, antennz, and mouth-parts dis- 
appear and the anal lobes, which in the second instar are one-half as 
wide as the body and extend caudad beyond the anal plates (Pl. I, a), 
now shrink to short, narrow projections which extend only slightly 
beyond the anal plates. As a result of this change in the anal 
lobes the anal crease disappears and the anal apparatus assumes 
again its original position on the caudal margin. During this meta- 
morphosis the hard portions of the mouth-parts remain attached to 
the larval skin and disappear at the second molt, after which all trace 
of the mouth-parts is lost. In the act of molting the larval skin is 
ruptured by contortions of the larva along the middorsal line, and in 
a few minutes it is worked downward and backward and is expelled 
at the caudad margin of the puparium, where it usually remains for 
a few days clamped under the puparium. 


Tue PREPUPA. 


The prepupal instar is characterized by a rapid metamorphosis, 
which, however, actually starts before the casting of the second molt 
skin. The plump anal lobes of the first and second instars shrink, 
and the characteristic anal plates (Pl. I, a) are lacking. The most 
evident characters at the beginning of the instar are the wing-pads 
and the pointed anal lobes. 

The prepupal period covers but 2 days, yet the metamorphosis is 
so rapid that decided changes occur. The wing-pads expand to their 
full size; the antennal sheaths expand from buds to nearly one-half 
of their final length, and the leg sheaths, which at the beginning of 
the instar were indicated by imaginal buds, become one-fourth devel- 
oped. The metamorphosis of the anal region continues throughout 
this instar and at its end all trace of the conspicuous anal plates is 
lost. In their place there now project from the caudal extremity two 
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a, The second instar under the puparium; 6, same, shrinking in the last day of the second 
instar; c, prepupa; d, pupa; ¢, imago before emergence; f, pupa case clamped under the pupa- 
rium; g, imago at twigward migration; h, lateral view of caudal extremity; i, enlarged antenna. 
All much enlarged. (Original.) 
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Fic. 1.—Appearance of the scale on peach twig during winter; somewhat enlarged. Fic. 2.— 
Same, about natural size. Fic. 3.—Male puparia along midrib of peach leaf; considerably 
enlarged. (Original.) 
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fleshy lobes, between which are the sheaths of the copulatory appa- 
ratus. (Pl. II, c.) The ventral eyes are represented at the end of 
this instar by two brown spots. 

This instar is quite constant in its length, being almost invariably 
2 days. Table XX XIII gives data upon 18 males from the rearing 
of June 24, 1913. ‘The average length was 2 days. 


TABLE XX XIII.—Average duration of the prepupal instar for 18 specimens of the terrapin 
scale, Mont Alto, Pa., 1913. 


Date of | Date of ray He Date of | Date of Seba fe 
No. second. i ae ay No. second | third | !ime in 
molt. molied| pe cube: molt. moliane| ono oo 

Days. Days. 
gree ce esses eet July 31] Aug. 2 Pal fl be Re RS tp Se yer July 31/ Aug. 3 3 
7) 8 et ee Ue ae eAUIE 8 O PAS OEP Ans Reena July 30} Aug. 1 2 
Se eee atetais craze July 31 | Aug. 2 7A Rae ae eee eer Sule ole eed Oseee 1 
CN og Raee ee July 30] Aug. 1 Pill Apoyo crete erie: uly 29} July 31 2 
rte sete tthe fo icrcisiace SOs. cel aes Gdozesee Dello Meee a neces Ae Aug. 1] Aug. 3 2 
(eee he eer meee -d0.....|...do Dil AGmice ect eeee e ae 5hOOksascllooeO Ossdec 2 
US eR Rae ee eenree do.....| Aug. 2 PAA EWG ee eS ere ee a Aug. 5| Aug. 7 2 
Sih i eae ed a aaa ClOscowal) Jw I QU MUS eon ceien cm eias Aug. 4} Aug. 6 2 

OSes Senee ae neaaee NISL PATI CRS 2 

OMe Saya ascloe sae July 31} Aug. 2 2 FAV CLAL Os ervctral| ee eee fees eas tata eay 2 


Larve that emerge upon the same day may vary as much as 10 
days in the time required for them to reach the prepupa. The 
normal time of entering this instar, however, is clearly defined for 
most individuals. One-half of the males in any rearing will ordinarily 
become prepupe upon the same date. The normal time for enter- 
ing this instar in the region about Mont Alto, Pa., is upon the thirty- 
eighth day after emerging from under the parent scale. 

Prepupz were abundant in the orchard at Mont Alto, Pa., in 1912, 
from August 8 to August 20. They were present in largest numbers 
about August 12; after this they became gradually less abundant 
until August 25. After August 25 they were very scarce. At Mid- 
vale, Pa., in 1913, the first prepupz were taken July 18. At Mont 
Alto, Pa., in 1913, the first prepupe were taken July 24. This is 5 
days earlier than they appeared at Mont Alto the preceding year. 

Since both sexes made the second molt at the same age, and 
since the females migrate twigward upon the second day after this 
molt, it happens that the twigward migration of the females coin- 
cides with the prepupal instar of the male. In 1912 the first returned 
females—6 specimens in all—were taken July 29. While there were 
undoubtedly as many prepupe as returned females at this time 
upon the trees, none wasfound. By August 2 the number of returned 
females had greatly increased and, upon this date, the first prepupz 
of the season were taken. 

There was a difference in 1913 of 6 days in the appearance of 
prepupz at the Wertz and in the Newcomer orchards. This was due 
to the difference in the localities. The Wertz orchard has a strong 
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westward slope and is located at an altitude of 1,100 feet, with a 
mountain crest extending 1,000 feet above it. There is consequently 
a good air drainage and a partial exclusion of the sun’s rays during 
the forenoon. The Newcomer orchard, upon the other hand, is 
located upon a shght knoll, with relatively level surroundings. Its 
altitude is less than 900 feet. Consequently the air drainage is not 
good and the sun’s rays are unobstructed. 

Four prepupx were measured in 1912, with the following - onties 
Length, maximum 1.29 mm., minimum 1.08 mm., average, 1.208 mm.; 
width, maximum, 0. 618 mm., minimum, 0. 562 mm., average, 0.587 
mm. On April 28, 1913, 8 specimens gave the following measure- 
ments: Length, maximum 1.420 mm., minimum 1.25 mm., average 
1.33 mm; width, maximum 0.6 mm., minimum 0. 525 mm., average 
0.559 mm. 


Tuirp Mott. 


The prepupa starts the third molt by a series of convulsive move- 
ments which cause the dorsal skin to split over the thoracic region. 
The skin is loosened and removed almost entirely by extending and 
contracting the abdomen. The extension thrusts cause a tension 
upon the ventral part of the molt skin which draws the head down- 
ward and under. This causes the dorsal thorax to protrude through 
the split in the molt skin. This tension increases with each thrust 
of the abdomen, so that the head is drawn farther and farther down- 
ward and backward until it finally slips free from the skin. The 
larva then assumes its regular position. In stripping the molt skin 
from the legs and antenne the thrusting movements of the abdomen 
are alded by the puparium, which, owing to its attachment with 
elastic bands, yields to the molting movements and serves as a 
clamp to hold the skin in place while the abdomen contracts for the 
next thrust. The thrusting movements of the abdomen usually 
cease before the skin is completely expelled from under the puparium. 
Because of this the cast skins are mostly found clamped under the 
posterior end of the puparium. 

The duration of this molt varies with the temperature at the time 
of molting and also with the vigor of the specimen. The molt 
usually starts in the forenoon with the resumption of the daily 
activity. The average time for this molt is less than an hour. Upon 
days when the temperature reaches 70° F. before 9 a. m., practically 
all the molts for the day will be completed by 10 a. m. At low 
temperatures many specimens die without completing it. Some 
specimens kept in the laboratory where the temperature did not rise 
above 70° F. required 18 hours for this molt. They started molting 
about 4 p. m. and became dormant before completing it. These 
molts were completed the following day. 
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The pupal instar is one of development. In it the rudimental 
structures of the preceding instar reach their full development. The 
leg sheaths are mere tubes at the beginning of the instar; at the end 
they contain the matured legs. The wing sheaths have a similar 
history, bemg at first transparent bags, which develop gradually 
until the last third of the instar, when the wings fold and the charac- 
teristic fleshy color appears. The pupa (PI. II, d) has a pale flesh 
color with chitinized areas upon the head and anal region. There is 
also a crescent-shaped spot and a transverse band of a bright flesh 
color. The antenne and legs are at first ventral, but they elongate 
and finally appear prominently in the dorsal view. 


TIME IN PUPA. 


The pupal instar varies in length, occupying from 4 to 11 days, 
and averages about 6 days in favorable weather. Those individuals 
that spend only 4 days in this instar have invariably been delayed 
as prepupe. It is very exceptional for a male to pass 8 days in the 
pupa, even when weather conditions are unfavorable. When condi- 
tions are such that the pupx require over 9 days, there is a heavy 
mortality. Many die, and those that enter the adult stage mostly 
die without leaving the protection of the puparium. 

In both 1912 and 1913 rearings were made to determine the length 
of the pupal period under varying conditions. Observations made 
upon the specimens in the orchard showed that most of the specimens 
remained in the pupa 6 days. A brood that emerged July 22, 1912— 
that is, approximately a month after the height of the normal emer- 
gence—was retarded 6 days by unfavorable conditions. Thirteen 
males passed successfully through the pupal stage and gave an aver- 
age of 8.15 days in the pupal instar. 

The average mean temperature for July, August, and September- 
1912, was 71.5° F. 

A brood that emerged June 24, 1913—that is, appproximately at 
the height of emergence—passed through the larval instars in a nor- 
mal manner, and the imagos left the puparia upon the forty-sixth 
day. These specimens were slightly retarded, owing to their removal 
while in prepupa from the orchard to the laboratory. Fourteen of 
_ these specimens passed through the pupal instar in a normal manner. 
They gave an average of 6.2 days for the pupal instar. The fraction 
of a day in excess of 6 days is small and is clearly due to the unfavor- 
able environment of the laboratory. Table XXXIV gives the indi- 
vidual record of these 14 males. The average mean temperature for 
June, July, and August, 1913, was 73.4° F. 
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TaBLE XXXIV.—Length of the pupal instar of the terrapin scale for larvx that emerged 
June 24, 1913, Mont Alto, Pa.—Conditions favorable. 


at 
No Date Date Pupal | Na Date Date Pupal 
ayer entered. left. stage. ; entered. left. stage. 
Days. Days. 
[WE ae CO aie tray oes HY, Aug. 2] Aug. 10 oH ec epee eae ane e Aug. 2] Aug. 9 7 
Pd EN eee oe ee ee sd0=-2 Aug. 8 6} |HLOR eee ee eee a. 5 Aug. 1] Aug. 8 7 
Bae soauas baeetoe Au pects ee dose -o- Uy Me ee eee case July 31} Aug. 5 5 
LO eS ee eee oe tees Sizdosez Jsiies = 7 i | Be aoe Ses ee ge eae | ee 0:32.22 ug. 6 6 
Dy Renae Ses Meee =n cO Nase Aug. 8 Cal) Weer es ee eee Aug. 3] Aug. 8 5 
Gigs ee ee eee LEY (ee 74 |e CG Le 6-142 5-2 eee Aug. 1] Aug: 7 6 
Lee OR Rae Se Aug. 1; Aug. 5 40 
eS Pee Se Aug. 3} Aug. 10 Z| IAVETAS C!S 5 Fis a See ee ae 6.2 


APPEARANCE OF PUP IN THE ORCHARD. 


Pupze appear in the orchard upon the second day after the females 
start migrating to the twigs, and they are most abundant about the 
sixth day after the maximum daily migration. 

At Mont Alto, Pa., 80 per cent or more of the males pass through 
the pupal state during the first half of August. 


SIZE OF PUP. 


The pupe are slightly smaller than the prepupe, but owing to the 
oreat size of the wing-pads the pupe average slightly wider. 

Table XX XV gives measurements for 20 specimens, the first 10 of 
which were from 1912 and the remainder from 1913. The sizes are 
quite uniform for the two seasons and average 1.248 mm. long and 
0.5918 mm. wide. A comparison of the prepupal and pupal measure- 
ments from the same individuals shows an average decrease in length 
of 0.09 mm. and an increase of 0.03 mm. in width in passing into the 
_ pupal instar. 


TABLE XXXV.— Measurements of 20 mature pupex of the terrapin scale, Mont Alto, Pa.,. 


1912 and 1913. 


| 
No. [Pevethe (wid toe | No. Length.| Width. No. Length.| Width. 
} 
| 
Mim Mm Mm. Mm Mm Mm 

fees ee TS 1.2250 | 0.55 O8s! he 2 ee 151000, |="0: GOON AG ess ees 1.250 | 0.650 
Ti, 5 A | 1.3375 575i OSS ees See £25002)" G25] Lesa eee ee 1.175 575 
Re BT 1.2750 EG 1| | fais eae EES 2 1.325 Bi | eee Pa 1.275 650 
pie BENE Boe FG 2) 1.3000 ih Nl lt ay ee ee a 1. 250 PA75 ||| 4922 eae ee 1. 250 625 
7 hail peru aia 1. 3000 ts | Pl ed oe oo? 2 1. 250 Gielen Soo 1.250 600 
Guts a aka 1. 2500 GOOF AA ee at oe ee 1.250 .550 
ES as Sea [ef S250. |: ae Oat | Me eae hee 1. 200 . 600 Average...| 1.2481 |  .5918 
Sa ESE DEALER, 1. 2000 625 


Fourts Mott. 


The fourth molt, like the third, usually starts in the morning when 
the temperature rises to about 70° F. The first indication that a 
molt is about to start is a series of convulsive movements. These 
cause the thin pupa case to split along the anterior third of the mid- 
dorsal line. As these movements continue the dorsal thorax pro- 
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trudes more and more through this slit and the head is forced down- 
ward. Before the head escapes the anterior legs are withdrawn from 
their sheaths. These are the first appendages to become free. They 
push the case downward until the head is free. After this they force 
the case backward under the -body. The antennal sheaths cling 
tightly to the antennz and have to be stripped free from them. The 
middle and posterior legs take no active part m the molt, but lie 
motionless along the edges of the abdomen. The antennal sheaths 
are the last parts of the case to be shed. After the head escapes from 
the case it presses against the anterior end of the pupartum, which 
serves as a fulcrum in forcing the adult free from the pupa case. 
Pupez that escape by accident or are removed from under the pupa- 
rium are unable to complete the molt. They continue the effort for 
about 24 hours and then die. In the case of weak specimens the 
impulse to molt often ceases before the tips of the antenne are free. 
After this molt the pupal case is usually found lightly clamped under 
the posterior edge of the puparium. (See Pl. II, f-) 

This molt ordinarily requires about 2 minutes for specimens at 
temperatures above 70° F., but at a temperature of 66° F. the time 
required is 5 minutes. This molt should take place about the forty- 
seventh day, but it is frequently delayed. For example, part of a 
brood that'emerged August 9, 1912, was removed from the trees 
when in pupa. They were placed in the laboratory late in September, 
away from heat and sunlight, and under these conditions many of 
the specimens died. ‘The remainder were abnormal and did not molt 
until the fifty-fifth day, or 8 days after the natural time. It was evi- 
dent that a slightly longer delay would have resulted in the death 
of all the specimens in the pupa or during the molt. 


THe ADULT MALE. 


The fourth molt, like the third, is made under the puparium. The 
young imago at first has soft and folded wings, but these soon assume 
their naturalshape. Several hours, however, are required for them to 
harden and to become fully colored. After expanding they protrude 
shghtly from under the posterior end of the puparium and serve as a 
means of identifying this stage. The time spent under the puparium 
varies from a few hours to 4 days. The normal time for the male to 
remain under the puparium is from 1 to 2 days. The male regularly 
enters the imago in the forenoon of one day and emerges during the 
afternoon of the following day, but there are well-defined exceptions 
to this. If favorable weather has so accelerated the growth as to 
shorten the preceding instars, the imago tends to remain under the 
puparium until the regular time for emerging, but when the early 
instars are lengthened by unfavorable weather the imago emerges in 
less than 2 days. 
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In Table XXXVI are recorded data from 14 males that emerged 
late in the season of 1912. They had the fourth molt delayed to the 
fiftieth day and give an average of 1.36 days as the time spent under 


the puparium. Specimen No. 3 partly escaped from under the 


puparium during the fourth molt. It remained in this position for 
4 hours and then emerged and started to leave the leaf. 


TABLE XXXVI.—Emergence of 14 males of the terrapin scale from a brood that made the 
fourth molt upon the fiftieth day, Mont Alto, Pa., 1912. : 


Fourth molt. Emergence. 


Time spent 
No. > SR Rega Gene On |e Onan 
Date. Time. Date. Time. ILE 

Days. Hrs. 
| Nay Ae ee eA A grece sean IRE Sacha eas eS Sept. 5 | 8.40a.m-..| Sept. 6 | 8.40a.m.. 0 
pas BRR CAE Maik PURE ey en Hee en a ere pe Sept. 9} 10a.m....| Sept. 10 | 10a.m.... 1 1) 
I i erie Ue mee DPS ard ELISE NaN Nee Sate Septewla Oasmeseee Sept. 11 | 10a.m. 4 
Be Sas, ORR hs Vine nee t eet er ete he ays A Pe eRe dole 6a.m.....| Sept. 14 | 6a. m.. 3 0 
Ey RS Ta age atin ree aye eet te te ep Sept. 10 | 2p. m....- Sept. 12 | 6a. m.. 1 16 
(REARS RES Ae Sean oe merce Decree ere 3 Sept. 12) Gia. mess 22|222 Ose22- Ops ess 12 
fhe ae re I ey eee ee eee ve oe Septalilh|) 12imseccsse Sept. 14 | 9a.m.. 2 21 
sts i ea oate OS Lee Ree peg See eres D SO AEN EO. aA Sept. 13 | 6a. m.. 1 17 
Qe ee om a cr se ae A eect ee a Ee Sept. 11 | 2p. m.. EdQeces- Grosameerrs 1 16 
OE Ree eee Receick eR BS Cee ee eee eres Sept. 12 | 6p. m.. be doseese 6a.m.. 12 
Mea era Oak ee tee Ua as eae Ser a eae Septal) a 2imee esas. SeDee 2 Oates 18 
AS LA Ie See ceneca td Srey we ene ee ee eA Se a -Jdos22-|Al2im) Seen dotces= 6a. m.. 18 
US Re ee ok errs ie ae ee ae aa SOUS UY | Oey ws 5 Sse dozecee Glasmirees 1 21 
NA eee eo FS oe SE OS 5c ee BS ae = 30-5505 | 3D m dose Games: 1 15 
INVCTA SO SORE Suey e Gaetitin eee ae aa eres cee | ieee gee lle ee tie | Sane eee 1 9.07 


In Table XX XVII are recorded data from 12 imagos that emerged 
from the brood chamber June 24 and made the fourth molt upon the 
forty-fifth day. They were thus normal in development. They give 
an average of 2 days spent under the puparium. Eight specimens 
from this same brood were removed from the orchard 7 days before 
they emerged as imagos and placed upon glass plates in the laboratory. 
As a result of this treatment they were delayed in the pupal stage and 
spent only one day under the puparium, a reduction of one-half in the 
time due to the changed conditions. 


TABLE XXX VII.—Emergence of 12 males of the terrapin scale from a brood that made 
the fourth molt upon the forty-fifth day, Mont Alto, Pa., 1913 


Date Time Date Time 
No. of fourth mn OF under pu- No. of fourth Tago: under pu- 

molt a|eoe te parium molt. | CM°TseC- | parium. 

Days. Days. 
1 a ee eres eae Aug. 10 | Aug. 11 T| Sixeec fSh ee Rees ates Aug. 10 | Aug. 11 1 
Die ee ee seernrsice ee Aug. 8] Aug. 9 A || OES eee eee ee Aug. 8 | Aug. 10 2 
SES ae ea see GOs tee do D || OE aS et ee Auge 7+ |<-ndOce 3 
AOS S. aerate Cee ees July 7} Aug. 11 cf Ned Lt eee Se Sees Re le Aug. 5} Aug. 8 3 
Oi eed eee eee SE ers Aug. 8} Aug. 9 Be tie Rae er ees Aloe Aug. 8 | Aug. 10 2 

Onno eee ace ak eee SSS o5||556 do 1 

ighioseSeareasweeese se Aug. 5 do 4 IANVCT APCS 554s | baa eee nee eo meinceter 2 


A comparison of Tables XXXVI and XXXVII shows that the 
time spent under the puparium by the imago varies from 4 hours 
to 4 days and that the average time for normal development is 2 
days. 


a vi 
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Imagos were taken from under puparia in small numbers at Mid- 
vale, Pa., on July 27, 1913. These were the earliest specimens taken 
during the two seasons of observation. 


EMERGENCE OF ADULT MALE. 


The imago (PI. II, g) usually leaves the puparium about the forty- 
ninth day. In 1912 the early part of the season was favorable and 
the imagos emerged upon the forty-ninth day, but later in the season 
males reared from larve that emerged from the brood chamber August 
9 did not leave the puparium until the fifty-second day, with several 
specimens delayed until the fifty-eighth day. In 1913 the males 
emerged from the forty-third to the fifty-ninth day, with the maxi- 
mum emergence upon the forty-ninth day. 


DESCRIPTION OF ADULT MALE. 


Length, exclusive of style, 1 mm.; style 0.15 mm.; caudal lobes 0.075 mm., being 
one-half as long as the paired lateral appendages; antenne 0.6 mm.; wing, 0.44 mm. 
long, 0.8 mm. wide. Light flesh color in general. Head light flesh color; anterior 
pair of dorsal eyes reddish brown; posterior dorsal eyes similar and one-hali as large; 
ventral pair dark brown and slightly larger than the anterior dorsal pair; antennz 
whitish, 8-jointed, joint I short, thick, semiglobular; joint II slightly longer than I, 
claviform; joint III as long as both I and II, slender and cylindrical; the remaining 
joints cylindrical and subequal. Collar short cylindrical; prothorax narrow; dorsal 
mesothorax light flesh color, with a flesh-colored shield-shaped spot above, and ter- 
minated posteriorly by a narrow bright band of the same color; metathorax light 
flesh color. Wing iridescent, surface granulose, false vein through anal third; hal- 
teres none; caudal filments none; legs and style light brown. 


TWIGWARD MIGRATION OF THE MALE. 


The male backs out from under the puparium and at once starts 
for the twigs. The wings are not ordinarily used in this migration. 
The insect is attracted by strong light and seems to be guided some- 
what in its movements by gravity and possibly also by the scent of 
the female. The males leave the underside of the leaf and pass 
down the petiole. When the twig is reached they turn downward 
and examine the surface carefully as they pass overit. The antennz 
are held aloft and nearly motionless, but the anterior tarsi are kept 
in constant motion, tapping and feeling the surface of the twigs. 
The males frequently in their search pass to the tips of the twigs, 
and in such cases they may circle the twig a few times and then 
return to the base and pass on, but when the illumination is strong 
they alight upon other twigs and start again in active search. The 
interval between emerging and starting the active search for the 
female scales is very brief, being always less than 30 minutes. The 
male is sexually mature when he emerges. When he approaches 
a female he taps upon the derm with his anterior legs, usually pass- 
ing several times around the specimen in doing so, or he may conduct 
the examination while upon the female’s back. During such an 
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examination the male is often diverted and may move away, but 
he will return, again and again, before finally abandoning his efforts. 
Those females that have copulated are indifferent to the male, but 
females of the same age that have not copulated respond by elevat- 
ing and distending the anal plates. After a preliminary examina- 
tion of the dorsal surface of the female the male mounts and takes 
the copulating position, with the head forward and the body paral- 
lel to that of the female. In the act of copulation the abdomen is 
curved under until the tip is in contact with the anal plates. The 
act of copulation requires from 2 to 10 seconds, according to the 
degree of exhaustion of the male. At the end of copulation the 
male departs and continues his search for additional mates. If 
by chance he returns a second time to the same female his tappings 
bring no response. The male is decidedly polygamous and con- 
tinues copulating with one female after another until he dies of 
exhaustion. The following observations were made upon a male 
that left the pupartum September 6, 1913: 


Pimrerged {rom puUparvuln sn oss 2 oe ost eine eee te 9.40 a. 


m. 
Discovered first susceptible female and copulated..........---..-------- 9.42 a. m. 
WDiscovered'second female'and copulated == -- == 22522 -25--- 2s se eee 9.44 a. m. 
Discovered third Temale= (220 ea ee ee eee 9.46 a. m. 
Discovered fourth females) i722 20) (22 ee ee oe 9.50 a. m. 
Discovered fitth females. 372 as eee ee See a ee 9.56 a. m. 
Dred of exhaustion-<22 2.5 Si. ee oes ee ee ee 9 p. m. 


At the end of the fifth copulation detailed observations stopped, 
but the male continued in diligent search for more females. This in- 
dividual died of exhaustion 12 hours after leaving the puparium. 

The active male, when moving naturally upon the host plant, lives 
less than 24 hours. Almost invariably the male emerges in the fore- 
noon, exhausts himself in copulation during the hottest portion of the 
day, and dies before midnight. When confined singly in test tubes 
they live from 1.25 to 2.75 days. Six specimens confined in test 
tubes gave 2.75 days as the maximum, 1.25 days as the minimum, and 
1.625 days as the average longevity. 


SUMMARY OF LiFE HISTORY OF THE MALE. 


The male lives an average of 49 days and passes through 5 instars. 
In the first two instars it is a vigorous feeder, and accumulates all 
the energy used during the remainder of its life. The 3 remaining 
instars are characterized, as a whole, by the absence of functional 
mouth-parts and by the development of the adult organs. 

The length, in favorable weather, and the distinguishing character- 
istics of the instars are as follows. 

The feeding instars: First instar, length 18 days—vegetative; 
second instar, length 18 days—sexual differentiation. 
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The nonfeeding instars: Third instar (prepupa), length 2 days— 
metamorphosis; fourth instar (pupa), length 6 days—development 
of adult structures; fifth instar Gmago) dormant phase, length 2 
days—hardening of exo-skeleton; active phase, length 1 day—migra- 
tion and copulation. 

SEASONAL HISTORY. 


There is one generation of the terrapin scale annually. This species 
passes the winter as immature females. At the start of hibernation 
these are very plump and the ventral part of the abdomen crowds 
against the surface of the host, so that there is no vacant space be- 
neath the scale, but by the middle of March the abdomen has 
shrunken until there is a dome-shaped cavity beneath it. When the 
spring growth starts the specimens become plump again and the space 
beneath the scale disappears. Most of the specimens reach maturity 
during the middle of June and begin at once to produce young. 
The majority of the scales reproduce for a period of about one month. 
but an occasional female may continue actively reproducing for as 
long as 34 months. On the second day after the first young are born 
they begin to emerge from the brood chamber of the parent, mostly 
through the anal cleft. During the first 5 weeks there is a heavy 
migration of larve to the leaves. This migration reaches its maxi- 
mum during the first week of emergence. It then gradually declines, 
until by the end of the fifth week it amounts to less than 5 per cent 
of the maximum emergence. (See figs. 2 and 4.) At the beginning 
of the sixth week after the appearance of the first young the female 
larve start migrating from leaf to twig. By the end of the seventh 
week the females are ready for copulation and the males migrate to 
the twigs. Copulation occurs at this time and the males die at once, 
but the females start upon a period of rapid growth, during which 
they excrete a vast amount of honeydew, which is responsible for _ 
most of the injury caused by this scale. After 2 or 3 weeks of extreme 
activity their growth gradually slackens, but it continues until cold 
weather forces the partly mature females into hibernation, after which 
they remain dormant until the following as dying about mid- 
summer after the production of young. 


MORTALITY. 


There is more or less mortality at all seasons of the year. Ordi- 
narily there seems to be comparatively lttle due to winterkilling, 
though at times this may be considerable. The amount of winter- 
killing depends mainly upon the vigor of the host plant and upon the 
severity of the winter. During 1912-13, upon well-nourished trees, 
the mortality from this source was not more than 5 per cent of the 
hibernating scales. During 1913-14, however, scales upon trees 
of low vitality had a mortality as high as 40 per cent. 
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The females during the spring development are sometimes heavily 
attacked by hymenopterous parasites, especially species of the genus 
Coccophagus. At the start of reproduction the larve of the cocci- 
nelliid Hyperaspis binotata Say (fig. 17) enter the brood chambers and 
attack the lecanium larve, while later the maturing larve of this 
beetle, in attempting to enter the brood chambers, dislodge many of 
the gravid females, thus destroying at once both the female and the 
unborn young. (See fig. 18.) | 

Cold, wet weather at the time of reproduction causes many larve 
to die in the brood chamber. These frequently clog the exit and pre- 
vent the egress of the remainder of the brood. This condition was 
especially noticeable in the season of 1912, when owing to protracted 
rain 5 per cent of the gravid scales were affected in this way. 

During the leafward migration most of the young succeed in reach- 
ing the leaves, and the loss at this period is due mainly to drowning 
by sudden rains and to the dropping of larve from dead twigs. Dur- - 
ing the leaf phase the larve are often heavily attacked by predatory 
enemies, but the female larve are practically free from parasitic 
attack, and the males are but slightly attacked. However, after 
returning to the twigs the females are subject, at times, to a heavy 
parasitic attack which may cause a mortality as high as 20 per cent. 
They are also subject to attack at this time by a pyralid moth, 
Laetilia coccidiwora Comst. In conclusion it may be said that the 
mortaility from weather conditions throughout the year is not more 
than 50 per cent, and that in favorable seasons it is almost negligible. 


ATTENDANTS. 


The terrapin scale excretes a honeydew which is very attractive to 
ants, and during the time in which it is being deposited all the species 
of ants in the vicinity will be found working upon it, while at other 
seasons no ants will be about. In the early spring, when the fruit 
buds are about to burst into bloom, considerable honeydew is excreted 
and ants are then actively working, but during the period of re- 
production very few ants appear. When, however, the twigward 
migration of the females starts, the ants return and remain in almost 
constant attendance until the scale hibernates. There is no species 
of ant that habitually attends this scale, but most of the orchard 
ants feast upon its bounties. Only slight benefit to the scale results 
from the attendance of the ants. Some of them are pugnacious and 
undoubtedly tend to ward off predators and to frighten away and 
confuse parasites. 

The following four species taken at Mont Alto, Pa., attending this 
scale were identified by Dr. W. M. Wheeler: 


Formica truncicola Nyl. subsp. integra Nyl. 
Formica fusca L. var. subsericea Say. 
Lasius niger L. var. americanus Emery. 
Prenolepis imparis Say. 


Fe Set er 
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PREDACEOUS ENEMIES. 


At Mont Alto, Pa., in 1912, the lacewing fly Chrysopa nigricornis 
Burm. made an attack during the twigward migration which was un- 
important, although it continued until the larve migrated to the 
twigs. This species was reported in 1893 by Mary EK. Murtfeldt as 
actively attacking the larvee of this lecanium. 

Larve of Hemerobius stigmaterus Fitch were present in 1912 in 
considerable numbers and the result of their attack was quite notice- 
able. 


The predaceous pyralid Laetilia coccidwora Comst. was present in 


: 1913, and its larve made a very vigorous attack. The eggs were 


placed singly among the scales upon infested twigs, apparently during 
the first half of June, and hatched in about 6 days. The larva is 
greenish black, with a black, slightly bilobed head, and feeds within 
a delicate silken tube which it constructs from scale to scale as it ad- 
vances along the twig. It first attacks the gravid females, and 
hundreds of their empty derms can often be seen clinging to one 
another and to the silken tubes upon trees where it has fed. When 
the larva reaches its full development it spins a cocoon within the 
silken tube, usually near the axil of a bud or at the base of a fruit 
spur. L. coccidivora, at Midvale, Pa., requires about 10 days to pass 
through the pupal stage. The imagos emerged from their cocoons 
during August and deposited their eggs upon the twigs among the 
young scales, which were at that time migrating to the twigs. The 
larve of this second brood made a vigorous attack upon the young 
females. This predator is aggressive and under favorable conditions 
can undoubtedly control this scale. The author observed its work 
during the season of 1913, in the orchard of Mr. A. Newcomer, near 
Midvale, Pa. It was, however, heavily parasitized, and so made 
very little impression upon its host. Two species of parasites were 
reared in abundance from this pyralid at Midvale, Pa. They were 
Mesostenus thoracicus Cress. and an undescribed species of Habro- 
bracon. 

The predatory bug Camptobrochis nebulosus Uhl., although not 


found at Mont Alto, Pa.,was reported by Mary E.Murtfeldt as prey- 


ing upon the active larve of this lecantum at Kirkwood, Mo., in 1893. 

Species of Coccinellide of the genus Hyperaspis are undoubtedly the 
most efficient agents in the control of this lecanium. Miss Murtfeldt, 
in reporting upon Hyperaspis signata for 1893, says: ‘‘The flocculent 
larve of this coccinellid were very numerous and active among 
swarming larve of L. nigrofasciatum but were not found upon any 
other coccid or aphis during the season.’’ 

Mr. A. B. Gahan, in Maryland Agricultural Experiment Station 
Bulletin 149, mentions the attack by ladybirds and says: ‘‘* * * 
the species most commonly observed being the twice-stabbed lady- 
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bird, Chilocorus bwulnerus.”’ The writer has occasionally taken the 
adults of this species, which is scarce about Mont Alto, Pa., upon 
trees infested with the terrapin scale, but has never observed either 
it or its larve preying upon this scale. 

At Mont Alto, Pa., there was, in 1912 and 
1913, a heavy and effective attack by Hy- 
peraspis binotata Say. This ladybird was 
taken abundantly in the orchard of D. M. 
Wertz in 1912 and was very abundant there 
and in adjacent orchards during the follow- 
ing year. It was also taken in considerable 
numbers during 1913 at the Newcomer or- 
chard near Midvale, Pa. This ladybird 

¥1G.17.—Apredaceous enemyot Worked so effectively at Mont Alto, Pa., as 

the terrapin scale, Hyperaspis_ nearly to exterminate a very severe infesta- 

eens Much enlarged. “tion. LH. binotata (fig. 17) differs somewhat 

: from the common species of ladybirds, both 

in its habits and life history. The adult beetles hibernate under bark 
and in rubbish and become active in early spring. They feed upon . 
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Fig. 18.—Eggs and a second-instar larva of Hyperaspis binotata as it appears under a displaced scale: a, 
Second instar as disclosed by displacing the host; 0, larvee of the terrapin scale; c, a displaced scale; 
d, eggs of the predatory beetle Hyperaspis binotata in situ; e, egg, highly magnified. All much enlarged. 
(Original.) , 


honeydew and upon aphides during the early part of the season but 
are unable to attack the lecantum in the spring because of its hard 
derm. They feed upon it readily when the derm is crushed. 


od 
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The eggs, which are a salmon color, are deposited singly upon 
the twigs, a favorite place being upon the ringlike scars that mark 
the limit of the seasonal growth. (Fig. 18, d, e.) The eggs are too 
small to be seen readily by the unaided eye. They commence to ~ 
hatch about the middle of May and the young seek the mature 
scales and enter their brood chambers by way of the anal cleft. 
When once within the brood chambers they prey upon the newborn 
young. The ladybird larve make their first molt within this brood 
chamber and continue to feed until the end of the second instar; 
by this time the Hyperaspis larve are so large that they crowd the 
brood chamber and often displace their host. 
Finally the larve leave the host and make — 
the second molt, usually at the base of a 
fruit spur, and then attack other scales, 
which they do by forcing their heads un- 
der the margin and displacmg them. In 
this manner they continue through the 
third and fourth instars, each larva de- 
stroying many gravid scales. When all 
the gravid females are destroyed the Hy- 
peraspis larvee, which are then mostly in 
the fourth instar (fig. 19), migrate to the 
leaves and continue thew feeding upon ! 
such of the larve as have reached the oe cide nee sotn ane ero 
leaves. Afterwards the ladybird passes the Say ae eee ate ee eee 
pupal stage im a pupa case attached to ‘ermapin scale. Much enlarged. 
the leaves or to the twigs, and sometimes ee 
in cavities under the bark. Most of the hibernating beetles die 
before the first brood emerges from the pupa. 


PARASITES. 


The terrapin scale is heavily parasitized, and this parasitism is 
mostly confined to the female, though the male is shghtly attacked. 
The first and second instars are very free from parasites, but a heavy 
attack starts soon after the young females have attached to the 
twigs. This attack increases in violence until checked by the 
approach of winter. Most of the parasites pass the winter within 
the host and emerge early in the season to make a new attack, which 
reaches its maximum just before the scales begin producing young. 

Coccophagus lecanw Fitch was the most abundant species reared 
m 1912, but C. cognatus Howard was also abundant, especially in 
the fall. In 1913 C. lecanw Fitch was rare. In its place C. cognatus 

Ji762-— Bull. 351 —16— 5 


66 BULLETIN 351, U. S. DEPARTMENT OF AGRICULTURE. 


appeared in large numbers and attacked the developing females in 
the spring. That which was apparently the first brood emerged 
from the hosts about June 30. This mfestation was very noticeable 
owing to the excessive blackening of the scales, as from 20 to 50 per 
cent of the scales were killed. Later this same species made an attack 
upon the male larve when in the second instar, and in some instances 
5 per cent of the males were destroyed. At Ledy Station, Pa., 
and at Midvale, Pa., this species made a heavy attack in the fall, 
but at Mont Alto, Pa., it was scarce, owing to the almost complete 
destruction of the host by Hyperaspis binotata. 

Aphycus stomachosus Gir. was the most abundant parasite in 1913, 
being more numerous than C. cognatus. It was reared in greatest 
numbers from the nearly mature females in the early part of June, 
but it was also taken in large numbers in the orchards during the 
first half of September. Aphycus johnson Howard was reared 
in small numbers from both Lulecanum mgrofasciatum Pergande 
and EF. corni Bouché at Mont Alto, Pa., but the last-named species 
seemed to prefer L. corni as a host. 

Besides the foregoing parasites, Blastothrix sericae Dalman was 
reared from FE. nigrofasciatum in 1912, as well as numerous specimens 
of a new genus of Encyrtide. 

A number of specimens of Prospalta sp. were taken from the 
parasite cages during the season of 1912, but these may have come 
from armored scales that were introduced by accident. 

The records of this bureau contain references to the following 
speciés as parasites of Hulecanwum nigrofasciatum: 


Coccophagus ater How. Anagyrus nubilipennis Gir. 
cognatus How. Eunotus lividus Ashm. 
lecanwi Fitch. Pachyneuron altiscuta How. (secondary & 
cinguliventris Gir. Prospalta auranti How. 
longifasciatus How. Chiloneurus albicornis How. 
flavoscutellum Ashm. Blastothriz sericea Dalm. 
fraternus How. Comys fusca How. 


Aphycus annulipes Ashm. 
johnsoni How. 
stomachosus Gir. 


SOOTY MOLDS. 


Eulecanium nigrofasciatum does most of its damage to the peach 
through its mold-infested honeydew, which is deposited in varying 
amounts throughout the entire season. While this honeydew is 
objectionable, it would cause very little damage were it not for the 
sooty molds which grow abundantly on the leaves, twigs, and fruit 
and on, the soil beneath the trees when these are coated with the honey- 
dew. This honeydew becomes noticeable only at three times during 
the year. A slight deposit from the maturing females appears in 
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April and May, and another in July from the leaf-attached larve; 
but neither of these deposits is sufficient to do much damage. The 
really important deposit starts about August 10, at the time when 
the females attach to the twigs, and continues sail the approach of 
cold weather. The amount of sooty mold produced is limited 
apparently only by the amount of honeydew excreted. The mold 
becomes noticeable during the first week in July as black streaks 
which first appear in the depressions on the upper surface of the 
leaves. It gradually increases in amount until the middle of August, 
and from this time until the middle of September the increase is 
very rapid. The infestation is at its worst about the middle of 
September, at which time fruit, foliage, and branches are covered 
with a sticky black slime. The extent of the injury depends upon 
the degree of infestation and upon the time of ripening of the fruit. 
Late varieties are damaged most by the mold-infested honeydew, as 
it shows worse upon fruit which ripens after the middle of August. 


REMEDIAL MEASURES. 


At the beginning of this investigation lime-sulphur was known to 
be ineffective and kerosene emulsion was considered unsatisfactory in 
_ the control of the terrapin scale. The so-called miscible oils (pro- 
prietary emulsifiable oils), however, were believed to be reasonably 
efficient when properly employed, though it was believed that there 
was more or less danger to the trees and fruit buds from their use. 

For convenience in treatment the materials used in these experi- 
ments are considered in groups. In all 62 experiments were per- 
‘formed, most of them in the orchard of D. M. Wertz, at Mont Alto, 
Pa. The others were at Midvale, Pa., and at Washington, D. C. 

_A consideration of the life history of this scale shows that it can 
be attacked both in the larval and the adult stages. The adult stage, 
owing to its long duration and accessibility, obviously offers the more 
favorable opportunity for treatment. During the first season spray- 
ings were made against both the larva and the adult: 


OIL SPRAYS. — 


Experience shows that all oil sprays are most effective when 
applied as a fine mist and under strong pressure. All oils were 
applied with disk nozzles of the Vermorel type, having apertures of 
' one-sixteenth inch. The oils noted in Table X XXVIII, all of which 
were applied in the spring after the buds had started to swell but 
before they had opened, proved to be inefficient. These oils were 
emulsified as follows: 

(Ci oS cc ete ere Biel Gaiety Sd ge 2 gallons. 


SOB ALM I IS SB ui ae ee ae eat  cl e 4 pound. 
TSI OU WENGE SS cts orpog 5S aren Ig ES ee a ee 1 gallon. 
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The soap was dissolved in the water and to this the oil was added. 
The whole was churned through a spray pump until no free oil 
remained. The emulsion was then diluted to the required strength 
and applied. 

Figure 20 shows that portion of the Wertz orchard in which mos 
of the experimental work was done. The orchard is in apples, inter- 
planted mostly with Smock and Chair’s Choice peaches. The trees 
were 11 years old in 1912 and very vigorous. At the beginning of 
the investigation these trees were grouped into 14 major plats, as 
shown in the figure. The check plats were used as such until a better 
method of checking was devised, when they were subplatted and 
sprayed. Most of the checkmg was done by scale counts from 
tagged branches upon special check trees left within the plats. 

The rosin-oil emulsion was very efficient so far as killing scales was 
concerned. This oil dried rapidly, the trees soon appeared as if 
covered by a varnish, and the scales died almost at once. Unfor- 
tunately this oil gave very severe spray injury and some of the 
trees were so severely damaged that they required drastic pruning 
and stimulation to save them. While the spray injury could have 
been lowered by reducing the amount of oil, it was not thought 
advisable to continue the experiments. 

The corn oil, which was also used as a 20 per cent emulsion, was 
equally good as a scale killer but formed a waxy scum over the 
branches and penetrated deeply into the tree, causing the death of 
many large limbs. These trees required drastic pruning and stimu- 
lation, but the injury was not so severe as in the case of the rosin oil. 
It was, however, too severe to justify its further use. 

The gasoline, which was used as a 10 per cent emulsion, had a very 
low efficiency as a scale treatment but gave promise in other ways, 
as it readily dissolved the wax film which protects the scale from 
water, and it caused the scales to loosen temporarily from the bark. 
After the emulsion evaporated, however, the scales soon resumed 
their normal condition. This emulsion produced no spray injury. 


MISCIBLE OILS (PROPRIETARY EMULSIFIABLE OILS). 


In order to secure data for the better understanding of the factors 
that enter into the successful use of miscible oils the sprayings 
enumerated in Table XX XIX were made. 
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In all cases the plats were first carefully inspected and typical 
branches were marked with tags which stated the condition of the 
scales and the nature of the infestation. About 10 per cent of the 
tagged trees were then left unsprayed and the results were taken by 
an individual examination of the scales upon the tagged branches. 
Before taking the scale count all winter killed and parasitized scales 
were removed from the branches, so that the count includes only 
scales that were alive and normal at the time the sprayings were 
made. The result of miscible-oil sprays became evident in a very 
few days after the application, when the dead scales began to drop. 
Because of the dropping of the scales it was found that counts 
should be made within one week after the application to show 
the true mortality. The result of delaying the count is well illus- 
trated by a comparison of experiments 1 and 2. So far as the counts 
show these applications were equally effective, but in the second 
experiment there was an interval between the application and the 
count, and some of the dead scales had disappeared, thus making the 
mortality appear lower than it was. In comparing experiments 1 
and 2, it appears that miscible oil at the strength of 1 gallon of oil 
to 18 gallons of water, when applied in the spring, is moderately 
effective agamst the scale, without producing injury to the trees, 
and that when applied im the fall it is nearly as effective against the 
scale, but produces severe injury to the trees. 

Experiment 3 was made to determine the effect of using the regu- 
lar lime-sulphur nozzles in applymg miscible oil, and the plat was 
sprayed by the regular orchard force without oversight. Of the two 
counts made in experiment 3, the first represents the true mortality 
and the second shows only the condition of the scales present on 
May 2, when there were fewer dead scales than on April 23, due to 
their falling in the imterval between the counts. The results in 
experiments 1 and 3 show clearly the necessity for using nozzles 
with smaller apertures and for making a more thorough application 
than is customary when applying dormant lime-sulphur sprays. 

Experiments 4, 5, 6, and 7 show the effects of applying miscible 
oil in the winter, at a time when both the lecanium and the trees are 
dormant. When these applications were made the day was mild 
and calm, with the temperature well above freezing. A power out- 
fit was used and the trees were sprayed until there was a slight 
dripping from the branches. The time between the date of apply- 
ing these sprays and the date of making the scale count was rather 
too long to give the full mortality. The error, however, was small 
and was estimated at less than 5 per cent. These four experiments 
were all ineffective. Experiment 4 was accompanied by severe 
injury and experiments 5, 6, and 7 showed spray injury and failed 
to control the scale. It is therefore concluded that miscible oils are 


ree 


ee Ts 
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not satisfactory when applied against the terrapin scale in the winter 
season. | 

In the spring of 1913 6 sprayings were made to test the efficiency 
of commercial miscible oils to which a wax solvent had been added. 
Accordingly experiments 8, 9, 10, 11, 12, and 13 were made and the 
sprays were applied in connection with the sprayings in experiments 
1 to 7. It is to be noted that the spray used in experiment 8 was 
quite effective as a scale destroyer and that only a small amount of 
spray injury resulted. It serves, by contrast with experiment 4, to 
show that oils which are dangerous and ineffective when applied in 
winter may be applied with success in the spring. Particular atten- 
tion is called to the effective work done by miscible oil when used at 
the rate of 1 gallon to 20 gallons of water in experiment 9. Where 
gasoline was added to the miscible oil there was a decided loosening 


of the scales, and many of the dead scales fell before the count was 


made, while comparatively few fell where miscible oil was used 
alone. This condition was noticed at the completion of the count, 
and comparisons were then made of the number of living scales in 
the plats having miscible oil only, in contrast with those having 
both miscible oil and gasoline, with the result that in all cases fewer 


living scales were found upon the twigs treated with the spray con- 


taining gasoline than upon those haying miscible oil alone. It is 
therefore concluded, regardless of the count, that miscible oils are 
improved as a spray by the addition of gasoline emulsion. 
Experiment 14 was made in Mr. A. Newcomer’s orchard near Mid- 
vale, Pa., November 6, 1913, to determine the effect of a miscible oil 
and gasoline mixture when applied in the fall just after the leaves 
had fallen, and 15 trees were sprayed for comparison with the same 
percentage of miscible oil, but without gasolme. Unfortunately it was 
not possible to make a scale count until March 31, 1914, when many 
of the dead scales had fallen. Infested limbs upon the check trees 
were compared with similar branches on the trees in experiment 14, 
and these comparisons showed that the formula was more effective 
with gasoline than without it. The spray injury in this experiment 
was slight and the treatment was moderately efficient. All of the 
experiments made March 28 and 29, 1913, were finally rated as effi- 
cient, except No. 13, where the spray was deficient in oil. It is the 
author’s belief that miscible oil—while not as desirable as linseed-oil 
emulsion, which is treated later—can be used with safety when 
applied just before the buds open, in dilutions of 1 gallon in 16 to 20 
gallons of water. It is very effective, especially when the oil is 
mixed with one-half its volume of gasoline (emulsified). The natural 
mortality in the Newcomer orchard for the winter of 1913-14, as 
determined by a scale count from unsprayed trees, was 55.01 per cent. 
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The 10 experiments summarized in Table XL were made with cot- 
tonseed oil during 1912 and 1913. This oil was emulsified in all cases 
exactly as kerosene oil is emulsified in the preparation of kerosene 
emulsion. The sprays were applied in experiments 3, 4, 5, 6, and 7 
with a hand sprayer and the applications were so thoroughly made 
that every scale was covered. The sprays in the other experiments 
were applied with a power sprayer. 
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The spray used in experiment 1, which was made just before the 
flower buds burst, was very effective as an insecticide. Every scale 
that was covered with the spray solution was killed. Of 1,000 
scales examined only 1.2 per cent were alive, and these were pro- 
tected in various ways from the spray and were not completely 
drenched. The spray injury was severe, however, owing to the 
excessive amount of oil. 

Experiment.2 was made late in the fall with 2 per centless oil. This 
spray was very efficient against the scale, but the injury was more 
pronounced than in experiment 1. The trees used in both experi- 
ments required severe pruning and a liberal application of sodium 
nitrate to restore them to their original vigor. | 

Experiment 3 was made at Washington, D. C., to determine the 
effect of this oil upon young trees. A vigorous 2-year-old tree was 
thoroughly sprayed with a hand sprayer until all the scales were 
wet with a 10 per cent emulsion of the oil. All the scales upon this 
tree were destroyed, but the spray injury was so severe that the 
tree died. It is worthy of note that this was the only tree killed 
with oil during the two seasons’ work. ‘The increased tolerance of 
the older trees to oil seems to be due entirely to the protection 
afforded by their corky bark. = 

Experiment 4 was also made at Washington. It shows that 
cottonseed oil in a 5 per cent emulsion can be applied effectively 
and safely to 2-year-old trees in mild winter weather. This formula, 
however, does not contain enough of oil to make it effective against 
the terrapin scale when applied on old trees, as is clearly shown in 
experiment 9. 

Experiment 5 was also made at Washington, D. C. Two heavily 
infested 2-year-old trees were sprayed with a 5 per cent emulsion of 
equal parts of cottonseed oil and gasoline. A hand sprayer was 
used and all the scales were thoroughly wetted with the spray. 
Nine days after the application 98 per cent of the scales were dead 
and no spray injury developed during the season. This spray was 
also effective against scale upon old peach trees, as is shown in 
experiment 8. | 

In experiment 6 the amount of oil was reduced to 1.5 per cent and 
the gasoline was increased to 3.5 per cent. The application was 
made in the same manner and at the same time as in experiments 
3, 4, and 5, but it was ineffective, owing to the small percentage of 
oil. The high percentage of gasolie increased the wax-solvent 
power of the solution and its narcotic power, but did not directly 
contribute to its killimg power. 

Experiment 7, in which 10 per cent cottonseed oil and 5 per cent 
gasoline was used, gave practically the same results as 10 per cent 
cottonseed oil when used alone. Since experiment 7 shows less 
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spray injury than experiment 3, it is evident that the gasoline did 
not tend to increase the spray injury. This experiment, in connec- 
tion with experiment 3, shows that a 10 per cent emulsion of the 
oil, even when used at the most favorable season, is too strong for 
2-year-old trees whether used with or without gasoline. The for- 


‘mula in experiment 7, while containing more oil than is required for 


killing scale upon young trees, would undoubtedly be very effective 
when used upon old trees, but owing to the effective results obtained 
with 24 per cent of this oil in experiments 5 and 8, it was not thought 
advisable to experiment further with the 10 per cent emulsion. 

In experiment 8 an emulsion containing 24 per cent of cottonseed 
oil and 24 per cent of gasoline was applied to 28 vigorous 12-year-old 
trees at Mont Alto, March 29, 1913, with very satisfactory results. 
The interval between the application of this spray and the time of 
making the scale count was too long to show the maximum effi- 
ciency of the spray, nevertheless the mortality as shown is above 90 
per cent and there was no spray injury. Observations made upon 
the trees used in this experiment show that the oil content could 
have been considerably increased without injury to the trees. 

Experiment 9, in which a 5 per cent emulsion of cottonseed oil 
was carefully sprayed upon 16 trees at Mont Alto, Pa., gave unsat- 
isfactory results. The mortality was about 50 per cent and the 
spray injury was negligible. The oil in this case seemed to lack 
penetration and spreading power. 

A comparison of the data in this experiment with that in experi- 
ments 5, 8, and 10 shows that a 5 per cent emulsion of this oil is 
satisfactory only when used with gasoline. Experiment 10 was the 
last one performed with cottonseed oil. An extensive spraying was 
made to test the efficiency of the gasoline and cottonseed-oil emul- 
sion when applied in the fall. This experiment was successful and 
showed that the terrapin scale can be attacked in the fall with satis- 
factory results. Cottonseed oil, however, gives its best results when 
applied in the spring. It is possible to increase the percentage of 
cottonseed oil in this formula up to as high as 7 per cent without 
noticeable injury to the trees. This increase in oil, however, adds 
to the cost of the spray without greatly imcreasing its efficiency, 
except for use on old trees with very rough bark. In this case it 
may be found of advantage to use 7 per cent of the oil. 


LINSEED OIL. 


Five experiments against the terrapin scale were made with raw 
linseed oil. The essential facts established in these experiments are 
shown in Table XLI. 

Experiment 1 was made at Mont Alto, Pa., upon vigorous 11-year- 
old trees that were nearly ready to burst into bloom. The same 
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power outfit was used as in applying the cottonseed-oil sprays. The 
oil was emulsified in the same way as kerosene in making kerosene 
emulsion. This oil at 20 per cent gave an efficiency of from 93 to 
100 per cent, but the injury to the trees was severe. It did far less 
injury, however, than any other of the oils used at this strength. 
This experiment shows that raw linseed oil was a promising oil and 
that it should be used at a much decreased strength. 

Experiment 2 was performed on March 19, 1913, by spraying a 
vigorous 2-year-old tree at Washington, D. C., with a 10 per cent 
emulsion of raw linseed oil. This spray was applied very thor- 
oughly with a hand sprayer at the time the buds were swelling. 
Every scale upon this tree was killed and there was no spray injury. 
The experiment shows that it is feasible to apply a 10 per cent emul- 
sion to 2-year-old trees in the spring without injury. 

Experiment 3 demonstrated that a 5 per cent emulsion of raw 
linseed oil will destroy more than 80 per cent of the scales upon 
12-year-old trees, provided the application is made in the spring 
before the buds open. In experiment 4 the formula used differs 
from the one used in No. 3 in that gasoline was substituted for one- 
half of the oil. The scale count gives nearly the same efficiency for 
this experiment as for the preceding one. This experiment shows 
clearly that gasoline increases the efficiency of the spray. Experi- 
ment 5 was made by spraying 200 moderately vigorous 12-year-old 
peach trees at Midvale, Pa., November 5, 1913, at which date the 
trees had just finished shedding their leaves. An emulsion con- 
taining 5 per cent raw linseed oil and 3 per cent gasoline was applied 
with a power sprayer, furnishing 175 to 200 pounds pressure, and 
equipped with angle nozzles having apertures of one-sixteenth inch. 
The efficiency upon well-sprayed branches was 100 per cent and there 
Was no spray Injury. 

Experiments 4 and 5 show that an emulsion containing 5 per cent 
raw linseed oil and 3 per cent gasoline will effectively control the. 
terrapin scale without injury to the trees. While experiment 5 
shows that linseed oil gives good results in the fall, the author recom- 
mends that this oil be applied in the spring just before the buds open. 


Cost oF LINSEED Om. 

At the date of writing this paragraph linseed oil sold in Wash- 
ington, D. C., for 50 cents per gallon in barrel lots, and gasoline at 
13 cents per gallon. The cost of this spray, exclusive of the labor of 
making it, would be about 3 cents per gallon. 


) gallons raw linseed oil; at 50 cents: = 2.22222 = A eee $2. 50 
3 gallons gasoline, at.13 cents: 2.2.5. -.62-0- ens es eee . 39 
2 pounds laundry soap, at 5 cents: .-220 222 4.2- 49. 3-4 aes 2 


92: gallons WateF=s ~o 522-322 ok oe Bt ee ee ee eee 


100.callons: 2 5225.2 .2-h5-4 35-2 okae ee ee eee 2. 99 
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It requires from 14 to 24 gallons of this emulsion thoroughly to 
spray a vigorous 12-year-old tree. The average tree of this age 
requires about 2 gallons, while a 2-year-old tree requires from a pint 
to a quart. It appears that from these figures the spray material 
will cost from 1 cent to 8 cents per tree. 

A single application of this spray, if carefully made, will control 
the terrapin scale. It has been found that the best way of preparing 
this spray is by mixing 5 gallons of raw linseed oil and 3 gallons of 
gasoline and then adding 2 pounds of soap dissolved in 4 gallons of 
hot water. The whole is churned for 5 minutes through a spray 
pump, then diluted to double its volume and churned again for 1 
minute, after which it should be diluted to 100 gallons, when it is 


ready to use. 
MIXED OILS. 


Two experiments were performed in 1913 with emulsions of mixed 
oils. These emulsions were made and applied in exactly the same 
way as the linseed-oil emulsions. 

Table XLII shows the chief details, and the results for the mixed- 
oil emulsions. These experiments, when compared with experi- 
ments 3 and 4 of Table XLI, show that these mixed oils were less 
efficient than raw linseed oil and that there is no advantage in mixing 


them. 
NICOTINE. 


Hight experiments were made with nicotine compounds. These 
sprays were applied partly with a barrel sprayer and partly with a 
power sprayer, but the same set of disk nozzles was used in all cases. 
The chief details and the results of these experiments are recorded 
in Table XLITI. 

When reference is made to nicotine sulphate, the commercial article 

containing 40 per cent of nicotine is intended; likewise references to 
tobacco extract refer to preparations containing 2.7 per cent of 
nicotine, or its equivalent. 
_ Experiments 5 and 6 of Table XLIV and experiments 5, 6, 7, and 8 
of Table XLV are to be considered in connection with Table XLII. 
Of these 14 experiments, 5 were directed against the hibernating 
scales (4 of these in the spring and 1 in the fall); 5 against the leaf- 
attached larve, 2 against the females while making the twigward 
migration, and 2 against the young females while making their 
maximum growth. These experiments were all negative and showed 
that nicotine is ineffective against the terrapin scale. 


COATING SPRAYS. 


A number of experiments were performed in 1912 with coating 
sprays, to determine the feasibility of smothering the scale. The 
chief details and the results of these experiments are recorded in 
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Table XLIV. The first 4 experiments were made with self-boiled 
lime-sulphur, 8—8-50, and were applied with coarse nozzles at a 
pressure of 100 pounds. 

In experiment 1 the application was made May 24, when 95 per 
cent of the overwintered scales were mature. This spraying was both 
extensive and thorough, but was inefficient agamst the mature 
females and failed to control the sooty molds. Experiment 2 was 
directed against the larve during the beginning of the leafward migra- 
tion, but gave an efficiency of only 15 per cent and also failed to 
control sooty molds. 

In experiment 3 two applications were made, the first at the be- 
ginning of the leafward migration and the last when 95 per cent of the 
larve were upon the leaves. Both sprayings were ineffective and 
the small mortality (6.3 per cent) came entirely from the first appli- 
cation. 

In experiment 4, 3 applications were made, when the leafward 
migration started, when 95 per cent were upon the leaves, and just 
before the twigward migration. These applications were also ineff- 
fective, and the mortality was no greater than in the case of experi- 
ment 1. The fungus was partly controlled, but the fruit was coated 
with lime to such an extent that the general effect was injurious 
rather than beneficial. 

In experiments 5 and 6 tobacco extract was added to the self- 
boiled lime-sulphur, and the applications were made when 95 per 
cent of the larve were upon the leaves. These experiments gave no 
better results than the preceding ones and showed that tobacco 
extract is inefficient, at the strength used, when npphed against the 
larvee when they are upon the eee. 

In experiment 7 self-boiled lme-sulphur was modified to increase 
the thickness of the coating, and was directed against the young 
females. The branches of the young twigs were coated just before 
the females started their twigward migration. This experiment was 
ineffective. 3 | 

Experiment 8 was made to test the smothering properties of 
Paris white and glucose. The application was made with a barrel 
pump, just before the females started migrating to the twigs. The 
spray was ineffective. 

In experiment 9 a thick whitewash, to which casein had been 
added, was applied just before the young females started the twig- 
ward migration. The limbs were heavily coated, but the scales were 
not killed. 

In experiment 10 pulverized china clay was used. It proved to 
be a poor coating material and was inefficient. Considered as a whole 
the experiments in Table XLIV indicate that self-boiled lime-sulphur 
is ineffective when applied at the time of the twigward migration, 
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both against the scale and the sooty molds. They also indicate that 
the other substances tested are ineffective against the terrapin 
scale. 

The experiments with coating sprays performed in 1912 were fail- 
ures, so far as controlling the terrapin scale was concerned, but they 
were valuable in showing that sulphur was the active component of 
self-boiled lime-sulphur and that its efficiency could be improved 
by increasing its spreading and sticking powers. It was evident also 
that sulphur was ineffective against the mature females. 


COATING SPRAYS WITH FLOUR ADDED. 


In 1913 experiments were made to perfect a coating spray by adding 
a spreader and sticker to self-boiled lime-sulphur and by increasing 
the sulphur content. The chief details and the results of these ex- 
periments are recorded in Table XLV. . 

In these experiments the flour was first made into a thin batter 
with cold water and then cooked to form a paste. The other ingre- 
dients were combined exactly as in making self-boiled lime-sulphur, 
after which the flour paste was added. 

In the first four experiments the same spray was used. Experi- 
ment 1 was directed against the larve during the leafward migration 
and was very successful. Experiment 2 was directed both against 
leafward migrants and against the larve upon the leaves. It shows 
high efficiency, which is, however, entirely due to the first spraying, 
as 1s shown by the negative results in experiment 3. 

Kxperiments 5, 6, 7, and 8 were performed with the same formula 
used in the preceding experiments, except that 1 pint of 40 per cent 
nicotine sulphate was added. The results from these experiments 
show that the nicotine adds nothing to the efficiency of the spray. 

Experiment 9 was made with flour paste and shows that flour 
acts only as a spreader and adhesive and not as a killing agent. 

Experiment 10 was made with modified self-boiled lime-sulphur 
to which flour paste was added, and was directed against the larve 
after they were well established upon the leaves. The spray was 
ineffective, as were all other applications made against the leaf- 
attached larve. 

From these experiments it appears that the terrapin scale can be 
controlled by a coating spray applied against the larve during the 
leafward migration and that these sprays are inefficient at other 
times. Coating sprays are more difficult to apply than the oil sprays 
and require a first-class sprayer with a powerful agitator and plenty 
of pressure. Coarse-angle nozzles should be used and the underside 
of the leaves should be thoroughly drenched, and the spray must be 
applied just before the young emerge. The time for applying this 
spray, which is immediately after the appearance of young under the 
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scales, can best be determined by displacing a number of scales daily 
during the early part of June. In the region of Mont Alto, Pa., 
the young will appear under the scales about June 12. For this 
coating spray use the following formula: 


Pounds 
ptone-limes2 24 eee ees = eee 15 
Subp biar j. 2 - A ee eke ee eee 20 
Hloun 3. 850 ee ee eee oe eee 10 


Water to make 50 gallons. 


The lime and sulphur are combined exactly as in making self-boiled 
lime-sulphur. The flour is made into a thin batter with cold water 
and cooked to a paste. It is then added to the lime-sulphur, and the 
whole should then be diluted to 50 gallons, when it is ready for use. 
Particular care must be taken to get a batter free from lumps; if this 
is done, and the spray is strained through a sieve, there will be no 
trouble in passing it through the nozzles. This spray when properly 
applied will kill from 94 to 100 per cent of the larve. It is effective 
only against the leafward migrating larve and is useless if applied 
after the larve have attached to the leaves. 


_ SUMMARY. 


SUMMARY OF LIFE HISTORY. 


The female of the terrapin scale reaches maturity about the Ist of 
June and gives birth to living young soon afterwards. . These are 
retained for a period of from 1 to 3 days in the brood chamber, which 
is a dome-shaped cavity beneath the scale. They then emerge and 
migrate at once to the underside of the leaves, where they settle, 
mostly along the midrib and the larger veins. The first instar, which 
lasts about 18 days, is vegetative and the larvee show no sexual differ- 
entiation, but during the second instar, which also lasts about 18 
days, sexual differentiation is very pronounced. At the end of this 
instar the female is very flat and circular, while the male, which is flat 
and decidedly oval, is protected by a conspicuous waxy structure 
called the puparium. After the second instar the sexes follow 
entirely different lines of development. 

The female remains for 1 day upon the leaves after entering the 
third instar, which is the final instar for this sex. During this day it 
secretes a thin wax scale, which protects 1t during the twigward 
migration. At the beginning of this migration the female larve 
abandon the leaves and pass to the basal part of the new growth, 
where they make their final attachment within the area of greatest 
illumination. They then commence a period of rapid growth, during 
the first 11 days of which they develop their mating color, which is a 
conspicuous red band upon the middorsal le. At the time the 
dorsal band is completed the male migrates to the leaves, mates, and 
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dies. Thefemale after mating starts a rapid growth during which the 
mating colors and the larval characters are lost and during which vast 
quantities of honeydew are deposited. By the end of the twentieth 
day upon the twig the female has assumed all the adult characters. 
After this, growth gradually slackens until the cold of the approaching 
winter forces the scale into hibernation. In the spring growth is 
resumed. Maturity is reached early in June and the scale dies early 
in July, after having lived about 13 months. 

The male, which makes the second molt and passes all of its remain- 
ing instars, except the last day of the imago, under the protection of 
the puparium, loses its mouth-parts at this time and lives during the 
remainder of its life upon nourishment taken in the first two instars. 
The third or prepupal instar lasts about 2 days and is a period of rapid 
metamorphosis, in which the larval organs are replaced by the adult 
structures. In the fourth or pupal instar, which lasts for about 8 
days, the adult organs reach their full development. At the fourth 
and final molt the imago escapes from the pupal case, but remains for 
about 2 days under the puparium before emerging, when it migrates 
at once to the twigs, copulates, and then dies, after having lived about 
49 days., 


SUMMARY OF REMEDIAL MEASURES. 


An endeavor was made to prevent the soot injury which is the main 
cause of complaint from orchardists against this scale. During the 
first season one series of sprayings was made to control it in the 
presence of the living scale, and another series was made to control it 
by destroying the scale. It was found impracticable to control the 
‘‘soot”’ directly. Accordingly in the second season all sprayings were 
made against the scale. Seven groups of materials were tested, the 
first of which contained corn oil, rosin oil, and gasoline. Of these, the 
two former were good treatments, but were very injurious to the 
trees. The latter was inefficient but gave promise as a wax solvent 


and penetrant. 
MiscrBLE OIs. 


The second group contained miscible oils. Nine experiments were 
made with miscible oul, including 5 with miscible oil and gasoline, 
and 2 with miscible oil and nicotine. 

In the first case it was evident that miscible oil was injurious when 

used in the winter at effective strengths, but that it could be used 
without injury if applied in the spring between the swelling and the 
bursting of the fruit buds. It was also evident that healthy 11-year- 
old trees could be sprayed for three consecutive seasons with miscible 
oil 1 to 18 without injury to the trees, and that the scale could be 
controlled by two seasons’ spraying with this oil. 


88 BULLETIN 351, U. S. DEPARTMENT OF AGRICULTURE. 


In the second case it was evident that combining gasoline emulsion 
and miscible oil added to the efficiency of the oil. The greatest effi- 
clency was obtained when 5 parts of miscible oil were added to 3 
parts of gasoline (emulsified) and 92 parts of water. In the third 
case it was evident that adding nicotine did not increase the efficiency 


of miscible oil. 
CoTTONSEED OIL. 


The third group consisted of 10 experiments made with cottonseed 
oil. This was a promising oil and both its penetration and wax- 
solvent powers were greatly increased by the addition of gasoline. 
The highest efficiency was obtained by using an emulsion containing 


Cottomseed oilers =. a eee 5 gallons. 
(Gasoline sce akc ee eee ee 3 gallons. 
Od Die kee come cetn ee pememe era 2 pounds. 
Wrhoitere oa cia eeeeerer eat 92 gallons. 


combined as indicated on page 67. This oil proved nearly as effective 


as linseed oil. 
LINSEED OI. 


The fourth group consists of 5 experiments made with raw lin- 
seed oil. It was soon evident that this oil was promising. It was 
very efficient when used alone as a 10 per cent emulsion, but it gave 
even better results when combined with gasoline. The gasoline 
component increases the fluidity of the oil, dissolves the protecting 
wax film, and tends to asphyxiate the scales. After the emulsion has 
penetrated to the underside of the scale this component evaporates, 
while the other component, after smothering the scale, becomes inert. 
In this respect it is superior to the oils ordinarily used against this 
scale. The best results are obtained by using an emulsion made up 
as follows: 


Raw, lmseed Oil eee ee 5 gallons. 
Gasolimes tase eae. Uy eRe ae 3 gallons. 
baum diny soap tas: oe 2 pounds. 
Waters! 222s test eee 92 gallons. 


When made as indicated on page 82, this emulsion applied in the 
spring before the buds burst will control the terrapin scale at a single 
application and at a cost for material of from 1 to 8 cents per tree. 
This was found to be the most effective treatment of any of the reme- 
dies tried against this insect. 


MIXED OILs. 


Group 5 contains only two experiments. They show conclusively 
that there is no advantage in mixing linseed and cottonseed oils. 


1 This is the minimum amount; more may be required if the soap is mild. 
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NICOTINE. 


In group 6 the efficiency of nicotine was tested in 14 experiments. 
Both the commercial sulphate and the aqueous solution were tested. 
This substance proved inefficient in all cases. 


COATING SPRAYS. 


In group 7 various coating sprays were tested. Twenty experi- 
ments were made. They were intended for the control of both the 
sooty fungus and the terrapin scale, but were ineffective against the 
‘“‘soot’’ in all cases where the insect was not killed. 

From these experiments it is evident that the period in the life 
history of this insect when it can be most readily controlled by a coat- 
ing spray is during the leafward migration. It is also evident that sul- 
phur is the efficient component in the coating sprays, and that the 
ordinary self-boiled lime-sulphur lacked the spreading and adhesive 
properties necessary to make it an efficient coating spray. The modi- 
fied formula given under ‘‘Recommendations’’ (second formula, 
below) was accordingly devised. 


RECOMMENDATIONS FOR CONTROL. 


Spray in the spring before the buds burst, with the following 
emulsion (see page 82): 


Rawslimsecd (olen: ase eee oe 5 gallons. 
(CNS Mn OVS es apes Steen ne et nee 3 gallons. 
SOROS Sous cees Sede eae Ane 2 pounds. 
AWWEV eit aS id SNSe Rea cee ney ea 92 gallons. 


If the foregoing formula is not used, spray with proprietary miscible 
oils, containing not less than 75 per cent mineral oil, at the rate of 
1 part to 16 to 20 parts of water. Applications of this formula should 
likewise be made in the spring during the period between the swelling 
and the opening of the buds. (See pp. 68-73.) 

To protect a crop after the trees are in foliage, spray just before 
the leafward migration (see pp. 19-24) with the following formula 
(p. 85): | 


MlourGn paste). 2) em: 10 pounds. 
Stone limesss:2-- 42.» 2-2-2 15 pounds. 
PSHEU LO) NU ese ie ete ears saa i 20 pounds. 
Water tomake: cy. 36 so 5 ues 50 gallons. 


_ This should be applied at the time the young appear in the brood 
chambers, but before they have emerged. This time can be best 
determined by making a daily examination of infested twigs. Since 
the young are not destroyed after they have attached, only one 
thorough application is advisable. This treatment, owing to the 
limited time for its application, is not as practicable as the dormant 
sprayings and should be used only in emergencies. This spray does 
not seriously coat the fruit. 
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